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Adequate methods for the prepaiation of magnesium [Henrich 
(1954)], sIlver (I) [000ch and Weed (1908)) and lanthanum (III) 
[Britton (1924); Schwarz. (1963)) chromates (VI) have been 
described in the literature but only a basic samarium (III) 
chrornate (VI) [Britton (1924)] has been prepared. 
Magnesium chromate .(vi) exists as the heptahydrate [Hill, 
Both and Ricci (1940)] which is unstable at room temperature, 
converting to the more stable pentahydrate [Hill et a].. (1940)] 
which is triclinic and isostruötural with copper sulphate penta-
hydrate [Bonatti andBanchetti (1932)]. Wyrouboff (1890) stated 
that magnesium chromate (VI) pontahydrate cannot be completely 
dehydrated without some décompo sition of the chroniate. Ryss and 
Urickaja (1934) prepared pure, anhydrous magnesium chroniate (VI) 
by dehydration of the pentahyd.rate at 3300C in a stream of oxygen. 
Static thermal experiments by Hi].l et a]. (19140) showed that 
magnesium chromate (VI) pentahy&rate loses water In three distinct 
stagosrepresented by equations (a), (b) and (c). 
° MgCr%.5H20 6070c > MgCr0.2H20 + 3H20 ..... (a) 
MgCr0.5H20 180 C MgCr%.H20 + 20 •..... (b) 
MgCr0.5H20 ,2750C 	MgCr% +'5H2O .......... (c) 
The more recent evidence [Hill et al.(1940); Ryss et a].. 
(191)j shows that magnesium chromate (VI) pentahydrate can be 
fully dehydrated without decomposition of the chxomate. 
Magnesium chrornate (VI) prepared by dehydration is 
hygroscopic .[Pannetior, çourtine and Perraudln (1965)]9 amorphous 
to X-rays [Campbell (1965)] and its infrared absorption spectrum 
shows broad bands with no detail [Campbell (1965)]. Crystalline 
anhydrous magnesium chromate (VI) has recently beenprepáred 
[Pannetier et al. (1965)1 by reduction of the hydrated chromate 
(vi) at 3000C. in a stream of hydrogen, followed by re-oxidation 
at 300-5000C in a stream of oxygen. The 'compound thus obtained. 
Is only slightly hygroscopic and Its X-ray powder diffraction 
pattern indicates the most probable space group to be D17 
[Pannetler et a].. (1965)]. 
Static thermal studies [Henrlch (1954)] showed that 
anhydrous magnesium chromate (VI) begins to decompose very slowly 
• 	in air at 3500C and decomposition Is virtually complete, according 
• to equation (a), at 6200C. 
2MgCrO4 	. > MgCr2O14 + MgO + 	..... (d) 
Decomposition is also complete at 615°C in a stream of nitrogen 
and at 63000  in a stream of oxygen .[Hènrlch (1954)]. 
A thermogravlmetrlc study by IshlI (1931) showed that silver 
chromate (VI), which exists In red and green forms of Identical 
étructure [Nisikida (l%.0)], is stable up. to 6500C. More recently, 
thermogravimetric work by Dupuls and Duval (1949) showed that silver 
chromate (VI) Is stable up to 812 0C. A 'phase study of the system 
silver - silver chromate (VI) - chromium (III)' oxide by Schenck, 
Bathe, Ke.uth and Sues (1942) showed that silver chromate (vi)' 
decomposes on heating according to equation (e). 
A9Cr0 + 2Ag + 202' •., 	() 
3 
They measured the equilibrium oxygen pressure for the silver - 
silver cbróniate (VI) - silver chromate (III) system and their 
results are summarised in Table I. 
Table I. 
TMP]RATURE-PRSSU DATA FOR Ag_Ag2Cr%_A 2Cr2O14 SYSTEM 
[Schenck et al. (19112)] 
Temp. O( 	 14140 	1470 	500 	5314 	579 	636 
Equilibrium Oxyen z.o 69'3 106'14 170'2 3000 555•3 
These results indicate that silver chrornate (VI) should be stable 
in air, under atmospheric pressure, to about 520°C. Schmahl 
(1951) found that the equilibrium oxygen pressure in the 
decomposition of silver cht'ouiate (VI) at any temperature was 
raised by the addition of,finely divided gold or platinum to the 
sample. 
d(A) apacingshave been reported [A.S.T.M.1-0782] for silver 
chromaté (VI) end its i1travio1et and visible diffuse reflectance 
spectrum [SymOns and Trevali9n (1962)] and its infrárêd absorption 
spectrum [Campbell (1965)] have also been measured.. 
Thermogravmetric analysis '(T . G.A.), has shown that lanthanum 
ht'omate (VI) octahydrato làses water in two stages [Schwarz (1963)] 
giving the dihy&rate at 135
0C and the aflhydrous chromate (VI) at 
350°C. At 5700C the .anhydrous cbromate (VI) loses oxygen 
according to equation (1') [Schwarz (1963)] 
La2 (Cr%)3 	>2LaCrO14 + jCr203 + 2 
and at higher temperatures the chromate (v) decomposes according 
L. 
to equation (g) [Schwarz (1963)1. 
2LaCr% 	-> 2LaCrO3 + 02 • •••' (g) 
Differential thermal analysis (D.T.4.) results (Schwarz (1963)) 
werein agreement Vth those from T.G.A. except that an exotheru 
at 480
0Cin the D.T.A. could not be explained from the T.G.A. 
results. Schwarz (1963) stated that this exotherm might be due 
* to some polymorphIc change but did not give any experimental 
evidence to substantiate this. 
Neodymium chroxnate (VI) decomposes [Schwarz (1963))  In an 
analogous manner to lanthanum chromate (VI) although In the 
decomposition of praseodymium chromate (VI) the two stages are 
apparently inseparable [Schwarz (1963)]. 
The chroinates (v) Of the lanthanides have been prepared by 
heating an evaporated aqueous suspension containing the 
etoicheiometrio amounts of lanthanide (III) oxide and chromium 
(VI) oxide [Schwarz (1963).19 a stolchelometric mixture of 
hydrated lanthanide (III) and chromium (iii) Oxides [Schwarz 
(1963)] or a atoicheioinetric mixture of lanthanide (III) and 
chromium (III) nitrates [Bertaut, Buisson and,Mareachal (l96Ls.); 
Schwarz (1963)] in oxygen at temperatures below 640 0C. All 
lanthenide chroniates (v) [Bertaut et al. (1964); Schwarz (1963)) 
have the tetragonal zircon (zirconium silicate) structure (space 
groupI41/amd-D) [Hassel (1926)] except lanthanum chromate (v) 
[Schwarz (1963)] which has the monoclinic Huttonite (thorium 
silicate) structure (space groip P21/n_CIh)[Pabst  and Hutton 
(1951)1. The magnetic moment of lanthanum chromate (v) has been 
5. 
measured [Schwarz (1963)1 and found to be In agreement with the 
value required for the single. unpaire., 'electron of chromium (V)1 
At temperatures above 1 6L1.0°C the ].enthanide chromates (v) 
decompose [Bertaut e.t al. (1964); Schwarz (1963)) with, loss of 
oxygen according to equation (g) and yield the chromates (III). 
The chromatea . (III) of magnesium [Hame].In (195019 sIlver 
(i) [Hahn and .de L.o.rent (1957)) and the lanthanides [Ruggiero' 
andFerro (1955)] have been prepared by solid-solid reaction 
between the appropriate' metal oxide and chromium (III) oxide. 
Numerous studies have been made on the magnesium  oxide' - 
chromium (III) oxide system and it has been established [Hainelin 
(1950); Batta t - Bansagij Solymosi and 'Szabo (1961); Hench 
(1965)] that the normal chrornate (III) (MgCr 2O) lathe only 
product fgrmed and there was no evidence for the existence of 
any:basic chromate (III) such as M92Cr2O5 , Small amounts of 
magnesium .chromate (VI) are known [Gutachick, ]bert and Scheve 
(1966)) to be formed as an intermediate In. the formation of the 
chromate (III).. 	Magnesium. chromate (IV) is also thought 
[Deren and Haber(1966)] to be an intermediate in the above reaction 
but an electron spin respnance st'idy, of the' magneslum oxide 
chromium (III) oxIde system by Gutachlek, Ebert and Scheve (1966) 
does not substantiate this0 MagnsIum chromate (III) can also 
be prepared by thermal' decomposition of diarnmonium magnesium 
chromate (VI) [Kuraku (1942); Whipplo and Wold. (1962)]. By 
X-ray powder diffraction, magnesium chromate (Iii) was found 
.[Holgerston (1930); Krause and Thiel (19311); HUttig and Meyer 
(1935)] to' have the cubic .spinel structure (space group O-Fd.3in). 
rI 
• ' The variàtionof magnetic susceptibility of magnesium .chromate 
(iii) with 'temperatui'e has been studied {McGuire, Howard end' 
Smart (1952)1' and its ultraviolet and visible reflectance 'spectrum 
(Reinen and Schmitz-DuMont (1961)] and its infrared absorption 
spectrum [Hafner (1961)] have also been measured. 
By X-'ra.y powder diffraction, silver.chromate (III) was 
found (Hehn andDeiL-.rent (1957)) to have the sodium hydrogen 
fluorIde structure [Rimièp Hentschel and Leonhardt (1923)) (space 
group Rm-Dd). The Infrared spectrum of silver chromate (iI) 
shows absorption maxima atLi.39.5Li.9 and 609 cm 1 [Duval (1962)],. 
Ruggiero and Ferro (1955) reported that 'the lanthanide 
chromates (III) have the Ideal cubic perovakite (calcium 
titanate) structure (space group O-Pm3m) or a very a1ight1r 
distorted modification thereof. A number of other workers 
[Gener (1957); Schneider, Roth and WarIxg (1961)] have reported 
that the lanthanide chromates (III) crystalllse in an orthorhombic 
modifIcation of the perovskite structure (spuce.grou,p Pbnin-D). 
Recent work by KirkatrIck (1966) has shown that neodymium 
chromate (III) gives an X-ray diffraction pattern consistent with 
the distorted perovskite structure. Lanthanum chromate (III) is 
antiferroniagnetic with a Ne1 temperature of 3200K (Jonker (1956)) 
and from its diffuse reflectance spectrum, Schmitz-DuMont and 
Reman (1959) conc1uded that the chromium (III) In lanthanum 
chromate (III) Is coordinated by a distorted octahedron of. 
oxIde anions. 
7 
EXPERIMF2TAL M F2IIODS 
The chromates. (VI) of magnesium, silver (I), Lanthanum (III) 
and samarium (iii) were made by precipitation or crystallisation 
from aqueous, solution. 
Magnesium chromate (VI) was prepared by Henrich's (1954) 
method: sOlid magnesium oxide was added to aqueous chromium (VI) 
oxide until a pH of 56 was obtained.. Evaporation of this 
solution followed by cooling gave yellOw-orange crystals which were 
filtered off and air dried at room temperature for several days. 
Silver chromate (VI) was prepared by the method of Gooch and 
Weed (1908): hot, aqueous potassium dichromate waa added to an 
excess of aqueous silver nitrate to precipitate the chromate (VI). 
The solution was heated to boiling, made alkaline with aqueous 
ammonia and then re-acidified with acetic acid to ensure complete 
hydrolysis of any silver dichromate (which can be prepared as  above 
[Baxter and Jesse (1909)1 using solutions 3N with respect to 
nitric acid). After filtration the red-brown silver àhromate (vi) 
was air dried for 3 days at 1300C. 
Lanthanum chromate (VI) was prepared, as described by 
Schwarz (1963), by addition of the stoichelometric amount of 
chromium (VI) oxide to an aqeuous solution of lanthanum nitrate: 
in the present work, since solid chromium (VI) oxide is very 
hygroscopic, it was found convenient to use an aqueous (1M) solution 
and the lanthanum nitrate was made by evaporation of the oxide with 
nitric acid. . The pH of the solution containing chromium.(VI) 
oxideand lanthanum nitrate was raised to 5 - 65 by addition of 
aqueous potassium hydroxide and the yellow, precipitated lanthanum 
chromate (vi) was filtered off and air dried at room temperature 
for several days. 
Samarium chromate (VI) was. prepared using Schwarz' s method 
for praseodymium chromate (VI) [Schwarz (1963)1: aqueous sodium 
chromate (10% excess) was added to aqueous samarium nitrate: in 
the present work samarium nitrate was made by evaporation of the 
oxide with nitric acid. The yellow suspension was boiled for 1 
hour and the product filtered off and air dried at room temperature, 
for several days. 	. 
The arthrdrous chromatös (VI) of magnesium, lanthanum and 
samarium were made by dehydration of the hydrated chromates (vi). 
Samples of each chromate :vi) were heated in platinum crucibles 
in a Gallenkamp electric muffle furnace controlled by an A.E.I. . 
1.T.3R. platinum resistance thermometer controller and temperature 
was measured by a chrornel-alumel thermocouple in conjunction with 
a Doran thermocouple potentiometer. The variation in temperature 
was + 1 centigrade degree at 300°C. Anhydroüs magnesium chromate 
(vi) wásmade by heating the hydrated chromate (VI), prepared as 
described above, for 24 hOurs at 2750C [Hill et al. (19140)) and 
was: obtained as an orange powder. Anhydrous lanthanum chromate 
(VI) was obtained, as a' yellow-brown powder by heating the hydrated 
chrOmate (VI), prepared as above, for 24 hours, at 300
0C. No 
further weight loss was observed in the sample when the furnace 
tethperaturewas raised to 3500C. kihydrous samarium chromate (VI) 
was obtained as a yellow-brown powder by heating the hydrated 
chromate (VI), prepared as above, for 24 hours at 3000C. When 
0 the temperature was raised,to 350C, no further weight loss was 
observed in the sample. 
Lanthanum, samarium and neodymium cu'omates (V) lere made by 
beating a stoicboiometrtc mixture of the lanthenido nitrate and 
chromium (lix) nitrate at 600°C in oxygen (Schvzarz (1963); Bertaut 
• 	at al. (1964)10 	Samples cOntained in platinum crucibles were 
• 	heated in a furnace controlled as forthe c1Ohyd'ation reactions,. 
Temrature varied by 12 centigrade degrees at 600°C. The requirod 
oxygen atmosphere was obtained by passing the gas into the furnace 
througI *LnOh diameter silica tubo whose Outlet extended into the 
mouth of thO crucible containing the reactants. Lanthanum 
chromate (V) vms prepared as. described, by Sohwarz (1963): a 
atoichetomotric fliixture of lanthanum and chromium (III) nitrates 
was heated for 14 hours at 600 °C: in the present work # chromium 
(lix) nitrate was made by evaporation of aqueone (IM) chromium (VI) 
oxide with concentrated hydrochloric acid followed by evaporatton 
with concentrated nitric acid to remove the hydrochloric acid and 
chloride; lanthanum nitrate was mide by evaporation of the oxide 
with nitric acid; 	to. obtain.best mixing of reactants the two 
nitrates were dissolved in 'vater, mixed and the solution evaporatqd 
to a syrup prior to heating at 6000C4. Samarium and nood.ymluin 
Obrc mates (v) were prepared in an analogous way to lanthaniUa 
chroviato (v). 
Silver, lautbaxuun and samarium chromates (III) were made by 
solidsold reaction between stoicbeioinetrio mixtures of the metal 
oxide and chromium (III) OxLde. All reataut oxides (except silver 
oxide) were preheated at reaction temperature to remove volatile 
impurities. Reactant mixtures were ground together in an agate 
10 
mortar to ensure mixing. For preparations in air requiring 
temperatures in the range 1000-13500C,  a platinum wound resistance 
furnace was used. Temperature was controlled to ca. +20 centigrade 
• degrees by an energy regulator and was measuredby a platinum-
platinulW'lridiUxn thermocouple in conjunction with a Doran 
thermocpuple potentiometer. For temperatures up to 10000C a 
Gallenkernp electric muffle furnace was used. Temperature was 
controlled to 114 centigrade degrees at 7000C by a Gallenkamp on/off 
controller and was meaèured by a chromel-alumel thermocouple in 
conjunction with aDoran thermocouple potentiometer. For 
preparations requiring an atmosphere other than air a Gallenkamp 
tube furnace was used. Inside the furnace was a silica tube into 
which the sample was placed and through which the gas was passed. 
Temperature was controlled by a Gallenkamp on/off controller and 
measured by achromel-alumel thermocouple in conjunction witha 
Doran thermocouple potentiometer. Silver chromate (III) was 
prepared as a dark green pOwder as described by Hahn and 
d&Lo.rent(].9,57)' •astoicheioznetrlc mixture of silver oxide and 
chromium (III) oxide was heated at 6500C in 'a stream of oxygen. 
The sample was removed from the furnace, cooled and reground twice 
during a 214 hour heating period to ensure complete reaction. The 
product was then extracted with hot, dilute nitric acid to remove 
traces of silver chromate (VI). Lanthanum chromate (III) was 
prepared as a green powder as described by Ruggiero and Ferro (1955): 
a stoichelometric mixture of lanthanum oxide and chromium (III) 
oxide was pelletted in Ca. 1 g, amounts In a Porkin-Elmer 13 mm. the 
at a pressure of 10 tons per square Inch for 2-3 mInutes. The 
11 
pellets were 'placed in a platinum boat and heated. for 30 minutes 
at 12000C 'and then at 10000C for 24 hours, Twice during the 
overall heating period the sampleS were rmoved from .the furnace, 
cooledo reground and repelletted to ensure complete reaction. 
Samarium chromate (III) was prepare4 as a green powder as described 
by Rugglero and FerrO (1955): a stoichelometric mixture of 
samarium oxide and chromium (III) oxide waspel1etted In Ca. 1 go 
amounts as described above. The sample was then reacted as 
described for lanthanum chomate (III). Magnesium chromate (III) 
was prepared as a green powder as described by Whipple and Wold 
(1962): diainmoniuin magnesium chromate (vi) [(NH) 2Lg(Cr01) 2 ] was 
decomposed atl2000C to give magneslum'chromate (III). 
For thermogravixnetric analysis (T.G.A.) a Stanton Mas8f].ow'-
M.F.H.1 automatic recording thermobalance was used. The heating 
rate was 6 centigrade degrees per minute. The accuracy of 'recorded. 
weight changes was determined with samples (ca. 192 g.) of Analar 
grade copper sulphatO pentaiydrate and found to agree to within 
+0'5 g.'of thecalculated. The temperatures at which the various 
stages of the decomposition of copper sulphate pentabydrate began 
were reproducible to 5 centigrade 'degrees. 
For differential thermal analysis (D.T.A.) a Netzsch15500C 
D.T.A. apparatus fitted with a photographic'recorder was used. 
The sample containers were 0.2 mm. thick walled platinum shells. 
Centering of the platinum p1atInui'rhodIum thermocouples Is 
essentialto ensure that the heat flow to each thermocouple is 
• Identical and was done by moving the furnace until it was centered 
with. respect to the thermocouples. The reference thermocouple 
12 
bead was covered with a mixture of 20% quartz and an inert 
materIal (in this case kaolIn previously ignited to '1300°C), 
The purpose of the quartz was to act as a calibration for the 
temperature line since it undergoes' a reversible° - polymorphic 
change at 57 0C [ MacKenzie and Mitchell (1962)]. The, test thermo-
couple bead was just covered with kaolin on top of which was placed 
the sample to be tested. This method of packing was used to 
reduce the possibility of the sample attacking the thermocouple 
beado Repeatability of 'endothermic feature minima and exothermic 
feature maxima was +10 centigrade degrees for a heating rate of 
10 centigrade degrees per minute. 
For X-ray powder diffraction pattexis a Philips vacuum sealed 
X-ray tube was used in conjunction with a P.W. 1051 powder 
'diffractÔmeter.' The X-ray source was a copper target and radiation 
was nickel filtered so.thát 'only copper Ko(. rad.iation'of wave- 
• 
	
	length 1.5148A was obtained. The sample was mounted as a thin 
layer On a film of vaseline on a 'strip of adhesive tape. Values 
• 	of'20' (where is the diffractlon'angle) were read to +0'1 degree 
giving the following repeatabi].itles in interplanar d(A) spacings. 
2= 109 ± 0.10 	d() = 8•84 ± 0'08 , 
2= 22° ± 0.10 	d() = 14.•0L. + 0'02 
2= 459 + 0 4 1
0 	•d(A), = 2'014 +0'004. 
Intensities of the lines were measured as peak heights relative to 
the strongest taken as 100. The instrument was calibrated with a 
silicon sample at a scan speed 'of 2 degrees per minute and the 




CALIBRATION OF DIFFRACTOMJTER USING SILICON SAMPLE 
• 	29- 
	 Intensit3r 
Measured Literature Measured Literature Measured Literature 
2850 	28440  
47°30 	4740 
56'2° 
3•13 3•138 100 100 
1° 918 1 92O 60 60 
1'636 1•638 30 35 
Reference. A.S.T.M 5-0565 
Some powder diffraction patterns were obtained by photography 
using a Unlcain 9 cm. camera in which the film is mounted by the 
Van Arkel method. The ground sample 9 which was sealed into a 
capillary Lindeman tube 9 was fixed vertically In the centre of the 
camera.and was rotated during exposure to nlôkel filtered copper 
Kd- radiation. Distances between the pairs of lines were measured 
by a rule and converted to a(A) spacings 9 these being generally. 
less accurate than for the diffractomèter method. The accuracy 
was +O.OGA for .a d spacing of about 3 and intensities were 
measured visually. 
Ultraviolet and visible, spectra of solid samples were meaSured 
by the diffuse reflectance (D.R..S0) method using a Unlearn S.P.500 
spectrophotoineter fitted with an S.P'.540 diffuse reflectance 
attaehment. In this technique monochromatic light irradiates a 
flat sample surface from which the diffusely reflected light is 
directed to the photocell by a spherical mirror. The Intensity 
Is compared with that from a stan1.ard 9 non-absorbing surface, in 
this case magnesium oxide which Is also used as the necessary diluent 
14 
[Griffiths, Lott and Symons (1959)]forthe.samples. Test and 
reference samples were ground for about 15 minutes prior to 
measurement of the.spectrurn. Surfaces were preparod,byputtin 
the smpIe into: the holder and using a rubber bung to remove excess 
sample and smooth the surface. 
Infrared absorption spectra were measured in the range 4000 -
400 âm. using Porkin-Elmer. double beam recording spectrophoto- 
71 
meters: model 237 was used for the range 4000 -. 625 cme and model 
137 for the range 800 LsOO cm, Spectra were measured using 
both Nujol mull and potassium bromide disktechniques. In the 
Nujol mull method the sample was ground to a mul]. with Nujol and 
the suspension spred as a film between two po1ihed potassium 
bromide flats. The two flats were separated by 0°001 inch thick 
lead spacers. In the disk method the sample (ca. 0 1 5% by weight) 
was ground with potassium bromide. (passing 300 mesh and dried at 
iL.O°C) and the mixture pressed wider. vacuum in a Perkin-Elmer 13 mm. 
die at a pressure of 10 tons per square Inch for 2 - 3 minutes, 
Room, temperature magnetic susceptib1lites were measured by 
the Gouy method. The sample contained in a glass tube was 
suspended vertically between the poles of a.Newport Instruments 
Ii. inch, water-cooled electromagnet. The power supply to the 
magnet could be varied and measurements were .made over a five-fold 
range of field strength. Changes in weight of thesainpie were 
measured by a Stanton S.M,12 semi-micro ba].anCe. Mercury (II) 
tetrathiocyanatocobaltate (II) was used [Figgis and Nyhoim (1958)] 
for calibration. . Magnetic susceptibilitieá and effective magnetic 
moments were obtained as detailed by Figgis and Lewis (1960). 
RESULTS 
CHARACT.ERISATION OP SAMPLES 
The chromates prepared as described above were 
characterised'as follows. 
The chromates (VI) and (v) were analysed by conventional 
gravimetric and titrlmetric methods. Results quoted are the mean 
of duplicate determinations. 
Aboit 0'7 go of hydrated magneium chromate (vi) was 
dissolved in 200 ml. water plus 5 ml. of glacial acetic acid; the 
chromium was determined by precipitation as lead clu'omato [Vogel 
(1961)], and the magnesium was determined in the filtrate, after 
removel of excess lead as the sulphate, by precipitation as the 
oxinate [Vogel (1961)]; water of crystalllsation was determined by 
heating Ca. 1g. samples at 2750C for 24 iours. Found: Mg, 10.58; 
Cr, 22•60; H20, 39•02: calculated for MgCr%.5H20: Mg, 1055; 
Cr, 22'57;. H20, 39'10. 
An earlier method [Baxter, Mueller and Hines (190)J for 
the analysis of silver chromate (VI) involved its reduction with 
aqueous sulphur dioxide since the chromate (VI) is sparingly 
soluble in acids. These authors.Baxter et al. (1909)] stressed 
the use of the minimum quantity of. sulphur dioxide since sulphate 
interferes with subsequent determination of silver. More recent 
work by Lal and Kaushik (l960) has shown that silver chrornate (VI) 
is very slowly reduced by 2N sulphurous acid and that complete 
reduction requires 60-75 days. The method used in the present work 
depends upon the solubility of silver chromate (VI) in aqueous 
16 
ammoniào About O'4 g,, of the sample was dissolved In an excess 
of 14T anunonia and the silver precipitated as the Iodide [Vogel 
(1961)) by additIon of 5% excess of potassium iodide at 70°C: the 
	
• 	quantity of potassium Iodide added was in 5% excess of that required 
to precipitate the silver as the Iodide and to reduce the chromium 
(VI) to chromium (iii) on subsequent acidification. Prior to 
filtration the solution wasacidified with nitric acid whereupon the 
chromium (VI) was reduced by the Iodide and thus contamination of the 
silver Iodide by chroniate (VT) was prevented. The procedure for 
th determination of chromium In silver chromate (VI) was as described 
above except that hydrochloric acid was used to aôidIfr the cold 
solution. The liberated Iodine was titrated with standard sodium 
thiosuiphate [Vogel (1961)]. 	Found: Ag, 64'95; Cr, 1565: 
calculated for Ag2Cr0: Ag,6503; Cr, 15670 
About 0•2-0•4 g. of hydrated lanthanum chromate (vi) was 
dissolved in the minimum quantity of 2N hydrochloric acid. 
Clu'omium was deteriiiined as described for silver chromate (VI) after 
additioüof 20 ml. of 2N hydrochloric acid to the chromate (VI) 
solution.. Lanthaflum was determined by precipitation as the oxalate 
[Kàlthoff and Elmqulst (1931)1: In the present work the chromate 
(vi) solution was made ca. 0?2N . with .respeetto hydrochloric acid, 
- 	heated to boiling, and sufficient saturated aqueous oxalic acid 
was added to precipitate the lanthanum oxa].ate, reduce the chromate 
(vi) to chromium (III) and to make the solution ca. 0.5N with 
respect to oxalic acid. This method prevents any coprecipitation 
of chromate (VI) with the oxalate • The lanthanum oxalate was 
Ignited. at 900°C and weighed as the oxide [Duval (1948)]. Water 
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of cx'ystallisation was determined by heating Ca. 0'5 g. samples 
at 3000C for 24 hours. 	Found: La, 36'93; Cr, 20'71; r.i2o, 1680: 
• calculated for La2 (Cr0) 3 .7H20: La, 36'95; Cr, 20•75; H20, 16'77, 
The. analytical results indicate that the heptahydrate was obtained 
and neither the octa-nor the deca-hydrates as previously reported 
[Schwarz (1963); Zambônlni and Carrobi (1946)]. 
- Samarium chromate (VI) was analysed exactly as lanthanum 
chromate (VI). 	Found: Sm, 39.91i.; Cr, 19'53; H20 9 15 '57: 
calculated for Sm2 (Cr01) 3 07H20: Sm, 38°81; Cr, 20'14; H20, 16•26. 
The analytical results are inconsistent with the heptahyd.rate but 
indicate a basic chromate (VI) of formula Sm2 (CrO) 3OO6Sm2O3 .6'9l 
H20 (hereafter referred to as Sm2 ( Cr0)3 .hydz.) 
Attempts were made to prepare normal cadmium chroniate (VI). 
An apparently easier method than that of Briggs (1908) which gives 
a slightly basic chromate (VI) was described by Pellètier, Cloutier 
and Gagnon (1938) and was reported to give the normal chromate (VI). 
In this method, aqueous solutions 'of cadmium nitrate and potassium 
.chroxnate (VI) are. run into a 'Y' piece where they are mixed. This 
method does not appear to be vastly different to dropping one 
solution into the other by which method compounds of the typo 
K2CrO.nCdCr%.Cd(OH) 2 .XH2Q an formed (Gr8ger). Both direct 
mixing of'cadmlum nitrate and potassium chromate (vi) solutions 
(method A) and'running the two solutlonsinto a 'Y' piece (method B) 
were t±ied.. Both yielded yellow compounds which were shown, by 
qalitat1'e analysis, to contain potassium. 
Samples prepared by both methods A and B were analysed 
quantitatively as follows: Ca. 0o3 g. of the chromate (VI) was 
• dissolved in 200 ml. of water plus 5. ml.. of giacia1 acetic acid 
• 
and the chromate precipitated as lead chroniate; excess lead was. 
removed from the filtrate as the sulphate, and cadmium determined 
by precipitation as the oxinate [Vogel (1961)1; potassium was 
determined by flame phOtometry (Burrl,el-Marti, and Ramirez-Munoz 
(1957)) and water of crystallisation by heating ca. 0'5 g. samples 
to 5000C on the the rmobalance. 'Found for sample prepared by 
method A:' Cd,, L20Q; Cr%, 43•52; 'K, 7.51; H20,.  5'54; 0 (by' 
difference), I'43; (molar ratio 2:2;l,.02:l.62:012Ll). ' The.. 
na1yt1ea1 figures are consistent with a cadmium potassium double 
chromate (VI) of formula K2Cr .3CdCr%.Cd(OH) 2 .2!214}120 which' 
requires: Cd, 42'17; Cr%. 43 0 51; K,  7•33; H20, 5447 and maybe 
a mixture of di- and tri-hrdxates. Found for sample prepared by 
method B: Cd, 141 '51; Cr014 , 143.05; "K,  71214.; M20, 6•66; 0 (by 
difference) 1"54 (mo].ar'rati 2:2:1:2:0.26). The analytical 
figures are consistent With a' cadmium potassium double chromate 
(VI) of formula K2Cr%.3CdCib0.Cd(OH) 2 o3H20 which requires; Cd, 
14'64; Cr0, 42°97; K, 7•24; H20, 6'67. 	It was concluded that 
the method described by Fefletier, Cloutier and Ga.gnon (1938) does 
not give, normal cadmium chromate (VI) but a cadmium potassium 
double chromate (VI).. 	In the analysis of their product,'Pelletier, 
Cloutier and Gagnon (1938) 'determined only the cadmium and chromium 
contents' and since these were in 'a 1:1 molar ratio they concluded 
that they had prepared the: normal chromate (VI). The cadmium to 
chromate ratio in the double chromates is also 1:1. 
Anhyth'ous magnesium, lanthanum and samarium chromates (vi) 
were characterised by measurement of the weight loss when these 
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• 	ch,t'omates were made by dehydration of the hydrates characterised 
above. For magnesium chromate (VI) pentahydx'ate dehydrated A. 
275
0C: found, 39'02; 'required, 39'10. For lanthanum chromate 
(VI) heptáhydrate dehydrated at 300 °C,: found, 16 80; required, 
16•77. th For hydrated samarium chroate. (VI) dehydrated at 300 0C: 
found,.15'57; required, 1566. 
Lanthanum, neodymium and samarium chromates (v) were 
characteriaedby analysis. Vhén hromatèa Cv) are dissolved in 
aàid, dispropoxtionation to chromate (VI) o±id'ch±'oinium (III) occurs 
accordlngto the following equation [Scholder (1952)]. 
3 Cr% + 8H 	'2' Cr0j 2 i- Cr + 4H0. 
The àhromiuni content of a chromáte (v)' may thus be determined by 
determination of the amount of chromate (VI) formed on disproport-
lonation according to the above equation: about 0•3 9. of lanthanum 
chromate (v) was dissolved in 30 ml. of 211 hydrochloric acid and the 
chromium determined lodoinetrically. 	The total chromium content 
was also determined as'fo11oWs: about0•25 g. of lanthanum 
c1i'omate (v) wasboiled with 20 ml. of 211 sulphuric acid and Ca. 
0•4 g. of potassium brômate to oxidise to chroxnate (VI) that 
chromium (III) formed in the above disproportioriation reaction. 
After the excess bromate was destroyed by boiling with aqueous 
ammoniuin chloride the chromium was determined iodometricallyo 
Lanthanum was then determined in the solution from the chromium 
analysis: , ammonIa solution was added to precipitate lanthanum 
and chromium (III) as the hydrated oxides which were filtered off 
and redissolved. in 2N hydrochloric.acid. Lanthanum was then 
determined by precipitation as the oxalate [Koithoff and Elmquiat 
(1931)] as described in the analysis of the chroinate (vi). 
"S 
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Found: La, 54'14; Cr (by disproportionatlon method), 20.47; 
Cr (via bromate oxIdation),, 20.23: calculated for LaCr%; La, 
5452; Cr, 20.40. 
Neodymium chromate (v) was analysed exactly as described 
above for lanthanum chroinate (v). Found: Nd, 55•29; Cr (by. 
disproportIoflatiOfl method) 9 1990; Cr (via bzvmate oxidation), 
19•92:. calculated for NdCr%: Nd, 55643; Cr, 19.98. 
Samarium chroinate (V) was analysed exactly as described 
above . for lanthanum chromate (v). Found: Sm, 56 .245; Cr (by 
disproportionátion method), 1939; Cr (via bromate xidátion), 
19'44: calculated for SrnCr%: Sm, 56'47; Cr, 19'52. 
Of. the chrämatea (III) of magnesium, silver, lanthanum, 
and samarium, only that of magnesium was characterised by chemical 
analysis. All chrornates (III) were characterised by their X-ray 
dIffrac1Ion patterns which were compaied, when possible, with those 
in previous work. About 0.35 g. of magnesium chromate (III) was 
dissolved in aqueous potassium bromate acidified with nitric acid 
to oxidi se the chromium (III) to chromate (VI). Excess .brornate 
was destroyed by boiling the solution with ammonium nitrate and the 
procedure was then exactly as for the analysis of magnesium 
chromate (VI). Found: Mg, 12962; Cr, .53•77: calculated for 
2 . 65; Cr, 514.08. The measured and previously MgCr2O4: Mg, 1  
I.' reported [Holgerston (1930 )] d(.) spacings are given in Table AVIII 
of the appendix. Measured and previously reported [Hahn and 
deLrent (1957)] d(A) spacings of silver chromate (III) are given 
in Table AIX of the appendix. 
Lanthanum and samarium chromates (III) have been ieporteci by 
2].. 
Ruggiéró and Frró (1955) to havO the ideal cubic perovakite 
structure with space group 0-Pm3th (cell dimensions: LaCrO3 ; 
a 387LA; SniCrO30. a = 3.812A) and by other workers [Geller 
• (1957); Schneider, Roth andWaring (1961)j to be an orthorhonibic 
16 distortion of the perovekite structure with space group D - Pbnm 
(cell dimensions: LaCrO 3 , a = 5'477, b 5°514, c = 7.7551 ; 
SrnCrO30 d =5'372, b= 5 ,502,c =7.650). The d(A) spacings 
measured here are compared with AA spacings calculated from both 
• sets of data In Tables AX and AXI of the appendix.' dA spacings 
were calculated using the appropriate formula from D'Eye and Walt 
(160). Côüdltions forret].ection foI' each space'group were 
obtatned. from :tnternational Tables for Crystallography (1952)0 
Results indicate that lanthanum chrornate (III) obtained in this 
-o 
work hasthe cubic perovekite structure since the measured dA 
spacings agree very well with those calculated for space group O. 
Measured dX spacIngs for sathariuinchromate (III) are in good 
agreement with thoae calculated for apace group D16 Indicating that 
sainariumclromate (III) has. the orthorhombically distorted 
perovakite structure 	. 	 S 
PROPERTIES OF CHROMATES (Vi), Cv) and (ill) 
THERMAL ANALYSIS OF CHROMATES (VI) AND (ii) 
The course of dehydration and decomposition of the 
chromates (vi) and decomposition of the chromates (v) was studied 
by T.G--.A. and D.T.A. 	The T.G.A. curves are reproduced in Figures 
I, III, V and VI, which also show differential curves obtained by 
plotting weight loss rate (mg./5 mm.) against temperature, The 
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DIT.A. results are 'produced. In Figures II, IV and'VII. The 
results for indIvidual chroinates are described below. 
The T.G.A. curve for magnesium qhrornate (VI) pentahydrate 
(Fig. I) showed the following features, 
From, LI.0° to 5000C there was an overall weight loss of 
39 4 12% (calculated w1ght; loss for complete dehydration is 39.10%); 
inflections in weight loss rae at 2500C and 3106C indicate that 
dehydration occurs in three overlapping stageso The peak 
corresponding to dehydration on the differential curve (Fig. I) 
could be split Into three overlapping peaks.with rate maxima at 
175,260 and 3500C and area ratio 3'3:l'03:1 which is not far from 
the 3:1:1 ratio required fOr dehydration in the manner described by 
Hill et al. (1940).  
From 500°C to 6000C there was.a region of constant weight 
corresponding to the axhydrous chromaté (VI). 	0 
From.610°C to 8000C there was a weight loss of 1695% 
(based on the anhydrous material) due to decomposition of the 
chromate(VI) to the chromate (III) for ich the. calculated weight 
loss is 17'l%. The, peak on the. differential curve (Fig. I) 
corresponding to chroniate (VI) decomposition shOws a rate maximum 
at 7200C. The D.T.A.' curves for hydrated and anhydrous magnesium 
cliromates (VI) (Fig. "II) showed the features summarised in Tables 
III and IV. 	 . ' 

















I) T .A. FEATURES FOR MgCr%.5H20. 
Temperature Range 0C 
From Max To Type of Feature. 	Cause of Feature 
165 .200 Large éndotherm 
00 205 230 . 	 ... 	
. 	 f Dehydration' 
270 310 345 smaii.enaotiierrnJ, 
345 380 'tsooJ . 	 ., 
• 	
635 705 740 Medium endotherm 	Decomposition 
of chromate (VI) 
TABL,E 1f . 
D.T.A. FEATURES FOR ANHYDROUS MCr% 
Temperature Range 0C . 
Type of Péatre Cause of Feature 
From Max To . 
615 	705 	735. . 	Medium endotherm Decomposition of 
chro mate (VI) 
The TG.A. curve for silver chromate (vi) 'showed no 
decomposition up to 65OC.  Prom  650°C to 6700C there was a weight 
loss of Ca. 0.5% followed by a period of constant weight to 680°C 
after whichlthere was rapid weight loss to 800°C. 'The overall 
weight loss was much greater than that calculated for àomplete. 
decomposition of the chromate (vi) and was due to mechanical loss 
of máterial"during decomposition since some of the sample was found 
at the base of the furnace after reaction. 	The D.T .A. curVe 
• 	 24 
(Fig. II) for sliver chromate (VI) showed the features summarised. 
in Table V. 
TABLE V 
• 	" 	
D .T .A. PFiATTJRES FOR Ag 2CrO1 
Temperature Range°C ' 
Type of Featuz'e 
• 
Cause of Feature 
0 From 	To'Max 	,• 
470 	480 	495 Small éndbtherm 
640 	645 	' 60 Very small Chromate (VI) ' 
650 	665 685 Small endotherm 
The:T.G.A. curve Of"hydrated'sarnarlum'chromate (VI) (Flg.III) 
showed the following features. 
(a)Froni 600 to 3800C there was an overall weight loss of 
16.00% (calculated weight loss for cOmp]etè dehydration, 16.26%). 
There was a definite inflection In weight loss rate at 2100C and 
indication of another. at 280 0C showing that dehydration occurs in 
two or perhaps three overlapping stages. The peak on the 
differential ciire. (Fig. III) corresponding' to dehydration could be 
split into three smaller overlapping peaks with rate maxima at 
1800 , 2450 and 300°C and area ratio 2•40:l4O:l0. Indicating 
successive loss of ca 3•5, 2'0 and l5moles of water. 
('o) From 3800 to 5000C there was a further small weight loss 
probably due to dehydration of thebasic part of the chromate. 
• 
	
	' (c) After a short period of constant weight to 5200C 
corresponding to the. anhyd.rous Ohromate' (vi) there was a weight 







TG.A. CURVES FOR Sm2 CrO.Hydr.  
200 	400 	600 	800 
Temp'C 	 : 
FIG0v: 
IUU 	DUU 	3UU 	 'Ut.) 	9U0 
Temp°C 










Chromate MI)   Chromate 
25 
corresponding to decomposition of the chromate (vi)' for which the 
calculated weight loss is 10.75%. There was a rate Inflection at 
70000 indicating two.stage decomositton of the chx'omate (vi). 
The two peaks on the differential curve (Fig.III) with maxima at 
645 and 7950C and ,00rrespondflg to decomposition of the chromato 
(vi) 'were of area ratio 1°22:1, The D.T.A. curves for hydrated 
and anhydroue samarium chromate (VI) (Figs Iv) showed the features 
summarised in.Thbles VI and VII., 
TABLEVI 
D.T.A.' FEATURES FOR Sm2 (Cr0)3 .HYDR. 
Temperature Range °C 
Type of Feature Cause of Feature 
From Max To 
10 160 




14.25 	' 450 460 1 
460 465 	' 801. 
580 625 665 
730 	760 	820 
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TALE VII 	' 
D.TOA. FEATURES FOR ANHYDROIJS Sm(Cr01)3 
Temperature Range 0C 
Type 'of Feature 	Cause of Feature - 
	
From 	Max 	To  
1430 	450 	460 - 
Very small exotherm 
40 	465 	4801 
580 	62565 	Medium endotherm 	hromate (VI) ' • 	 Chromate (V) 
735 	765 	820 	' Small endotherm 	Chromate (v) 
Chromate (III) 
The T.G.A. carve Of lhaum chromate (n)' heptdrato 
(Fig,oV showed the following features. 	' 
"(a) From 90° to 14.50°C  there was an overall weight 'loss of 
16.75% corresponding to dehydr6t1on for which the calculated weight 
loss is 16•77%. The absence of any rate inflections indicates a 
single stage dehydration contrary to Schwarz 8 (1963) findings for 
the octhyd!ate. Use of a slower heating rate might give 
resolution of the peak. 
(b) From 4500 to 58000 there, was constant weight corresponding 
to the. anhydrous chromate (VI).  
(C) From 5800 to 8200C there was an overall weight lose of 
11'35% (based. on the anhydrous material) corresponding to decoinpo-
sition of the chromate (vi) for which the calculated weight loss 
is 11.51%. The differential curve (Fig. V) shows the peak 
corresponding to chromate decomposition to consist of two over- 
lapping peaks with maxima at 685and7400C and of'area ratio 1•25:1. 
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The D .T .A • curves for hydrated and anhydrous lanthanum chromate 
• (VI) (Figo Iv) showed the features summarised in Tablea VIII' and 
lxi. 
TABLE VIII 
D.T.A. FEATURES FOR La2 (Cr%) 3 .7H20 
Temperature Range 0C 
Te of Feature 
. 
Cause of Feature 
From 	Max 	To 
90 135 . 140 Very small endotherm 
140 185 2110 Large endotherm 	. 	- Dehydration 
450 ,1465 .' Ls.8b Small exothérm 
635 675 710 Medium endotherm Chromate VI 	10. 
Chromate (v) 
710 . 	 725 780 Small endOtherm Chromate (v) ----9. 
Chromate (III) 
&BLE IX 
D.T'.A. FEATURES FOR ANHYDROUS La2 (CrO) 3 
Temperature Range 0C . 
Type of Feature Cause of Feature 
From Max To 
1445 1460 475 Small óxotherm ' 
615 660 	' 690 Medium endotherm Chromate (VI) 
Chromate (V) 
.690 715 760 Small endotherm , 	 Chromate IV)  
Chromate 	III) 
Generally, features on the D.T.A. curves of the hydrated 
chromatea 'agreed quite well with corresponding featureson the T.G.A. 
curves. The following D.T.A. features couldnot, however, be 
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related to any phase changes involving weight change. 
• 	(a). The endothermic feature at Li.80 °C for silver chrozuate (VI). 
The exotherinlô features at 450 and 4650C.for  both 
hydrated and anhydrous samarIum chromate (VI). 
The exothernic feature at 465 0C.for.both hydrated and 
anbydrous lanthanum chromate (VI ) 
• in an attempt to find out. the causes of these features sales of 
each chromate (VI) were.heatd for 15 minutes at 5000C i.e. above 
the feature temperature and these samples were then subjected to 
D.T.A.; the curves are given in Figs. Iland 1V0 The endothermic 
feature was present in silver chromate (VI) but the exothermic 
features atLi.65°C for lanthanuinchromate (VI) and,at 450 and 4650C 
for samarium ch.romate (VI) were absent. The persistence of the 
endOthermic feature at Li.BO°C in silver chxmate (vi) could be 
interpreted as probably being due to a thermlly reversible poly-
morphic phase change from the red to the green form snco the X-ray 
• diffraction pattern of the sample which had been heated to 5000C was 
identical ith that of the chrornate (vi) which had notbeenpre-
heated. The preheated sample was greenish in colour in contrast 
to the red-brown of the precipitated,chromate (VI) • X-ray diffrac-
tion patterns were taken of the samples of lanthanum and samarium 
chroinates (VI) which had previously been heated to 5009C (Tables 
Aill and AIV Of the appenc3.ix). The features at 4650C for lanthanum 
• •chroxnate (VI) and at 450 and 4650C for samarium chromate (VI) 
correspond to crystallisationof the samples since, when these 
compounds are formed bydéhydration of the hydrates they are 
amorphous to X-rays (Tables Aill and AIV of the appendix) probably 
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because the crystals  are too small. 
• 	The T .G.A, curve for lanthanum chromate (v) (Fig. VI) 
showed the following features: 
• 	(a) No decomposition up to. 690°C cor$spOnding to the 
• 	
àhromate  
(b) From 690 to 8400C there was an overall weight loss of ,  
626% corresponding to decomposition of the chroniate (V) for which 
the calculated weight loss is 628%. Thedifferential curve 
(Fig0 vi) shows a rate maximum at 7500C. The D.T.A. curve for 
lanthan.rn chroinate. (v) (Fig.VII) shows only one medium endothermic 
feature from 705 to 8200C with a minimum at 7650C and corresponds 
to decomposition of the chromate (v). 
The T.G.A. curve for neodymium  chromate (v) (not Shown because 
of its similarity to that for lanthanum chrornate V) showed the 
±ollowing features: 
No decomposition up to 6300C corresponding to the 
chromate (V).. 
From 6300C  to 820
0C there was a Weight loss of 6 1 09% 
corresponding to decomposition of the chromate (v) for which the 
calculated weight loss is 6'15%. The differential curve (not 
shown) shows a rate rnaxiium at 685 0C. The D.T.A. curve for 
neodymium cliromate. (v) (Figo VII) shows only one medium endothermic 
feature from 650 to 7800C With a minimum at 7150C and corresponds 
to deOomposition of the chroinatë • ( v)1 	 • 
The T • 0 • curve for samarium chromate (v) (not shown here) 
showed the following features: 
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(b) From 660 to 8800C there ;*as a weight loss. of 5'95% 
corresponding to decomposition' of the cbromate (v) fox which the 
calculated weight,'loss is 6'01%. The differential curve (not 
shown here)'shows'a rate maxImum at7300C. The D.T.A. curve for 
samarium chromate '(V) (Fig. VII) shows only one medium endotherinic 
feature from 705 to' 8100C with a minimum at 7400C and corresponds 
to decomposition of the óhrmaté M. The features on the D.T.A. 
curves of the chxmates (v) agree well with the corrèspondiñg 
feturès on the T.G.A. curves. ' 
X-RAY DIFFRACTION WORK ON CHROMATES (VI), AND ('v) 
X-cray powder diffraction patterns were taken of the hydrated 
and anhydrou Chromatès' (vi) andthe chromates (v) and when possible 
the measured 6A spacings were compared with previously reported. 
values. The measured dA spacings for magnesium chromate (VI) 
• pentahydrate (Table Al of the appendix) agree well with previously 
reported values [La].lenient and Watelle-Marion (1966)] . The 
measured dX spacings for anhydrous. magnesium• chromate (VI) prepared 
from the pentahydrate (Table Al of the appendix)' do not agree with 
previously reported values for the crystalline axthydrous material 
(Pannetier et al (1965)) and it is 1ke1y that, in this work, some 
hydration of the sample took place during preparation of the surface 
0 	 ' 
so that the dA spacings obtained may be those of a hydrate. An 
X-ray powder photograph of magnesium chromate (VI) prepared by 
dehydration 'gave no lines indicating that it was amorphous in 
agreement with the fIndings of Campbell (19614. 
The measureddA spacings for silver chromate (vi) prepared as 
3]. 
described, on page 7 do not agree (Table All of the appeniic) with 
previously reported. values {A.S.T.M. 1 0782) 0 As a cieck on the 
dA spacings In the present work, the diffraction patterns were taken 
of, sliver chroinate (vi) samples obtained from four different souröea: 
• 	(a) silver chiomate (VI) preparedaé 4escribed on page 7 ; 
• 	(b) silver chrornate (Vi) obtained by precipitation from a homogeneous 
solution containing the silver ammine complex and potassium chromate 
(vi) '[Hayek, Hohenlohe-Profanter and Marcic '(1957)];. (c) silver 
• chromate (vi) made by addition of aqueous sodlum chromate (VI) to 
aqueous silver nitrate; (d) B.D.H. silver chromate (vi). 	Samples 
• 	(a), (b), (c) and (d) gave, the same dA spacings (Table All of the 
appendix) all differing from previously reported spacings (CA.S.T.M. 
i-b782j., 
The dA spacings of lanthanum, neodymium and samarium chromates 
(v) are given on Tables AV, AVI and 41111 of the, appendix. Lanthanum 
chromate (v) has [Schwarz (1963)] the Huttonite structure [Pabst and 
Hutton (1951)] but no cell dimensions have been reported and the 
previously reported d(A) spacings are measured directly from a 
diffraction pattern given in the literature [Schwarz (1963)10 
Neodymium and samarium chromates (v) have the tetragonal zircon 
structure [Schwarz.(1963); Bez'taut:et_al. (1964)) with space 
group IL/axnd - D (cell dimensions:: neodymium clwomate :(v), 
a = 7'31; c = 6•Li.0.A; samarium chromate (V), a '= 7'25; c = 6'35t) 
but, no actual d(A) spacings are given. 	From the space group, 
cell dimensions and conditions for reflection and using the formula 




the d(A) spacings for neodymium and samarium chroniates (v) were 
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/ 
calculated, and these agree very well with measured values (Tables 
AVI and AVII of the appendix). 
ULTRAVIOLET AND VISIBLE SPECTRA OF C}ROMATES (VI). (v) anã(TII). 
The ultraviolet and visible diffuse reflectance spectra of 
he hydrated and anhydrous chromatee (VI) (Figs. VIII and Ix), the 
chromates (v) (Fig. x) and the chromatea (III) (Fig. XI) were 
measured. The absorption maxima are given in Tables XIX, XXII 
and XXIII.onpagesLO,L.6,Li8 of the discussion section but results 
for silver chrOmate (VI), magnesium chroinate (iii) and lanthanum 
chroniate (III) are compared with previously reported values in 
Table X. 
TABLE X 
COMPARISON OF MEASURED ABSORPTION MAXIMA WITH PREVIOUSLY 
REP0IED VALUES 
Compound AbsorptiOn Maxima (czrf) Reference 
Measured: Litôrature . 
Ag,,Cr0 1 20,830 .21,980 Symons andeválion 
(1962) 
27,800 
MgCr2O14 1Ls,81O cal5,000 :Reinen and Schinitz- 
DuMont (1961) 
169950 ca1791001': 
23 0,260 ca23,500 
31,250 










DiFFUSE REFLECTANCE SPECTRA OF SOME CHROMATESIM) 
MgCrO4.5H20 

















DIFFUSE REFLECTANCE SPECTRA OF SOME CHROMATES(VI) 
WaveIengIh (mj) 
• 900 	700 	500 





DIFFUSE REFLECTANCE SPECTRA OF SOME CHROMATESM 
• 	 S FIG.XO 	S 
DIFFUS.E REFLECTANCE SPECTRA OF SOME CHROMATES(III) 
40. 	S 	 S MgCrOA 	SmCrO. 
























• INFRARED ABSORPTION SPECTRA. OF CHROMATES (vi), (V) and. (III) 
The infrared absorption spectra of hrdrated and .anhydroua 
chromates (vi), the chroniates (v) and the chx'oniatés (UI) were 
meast red. uaing both potassium bromide disk and Iujoi mu].l 
techniques and the spectra are, reproduced in Figs, XII - XIV. 
The absorption maxima (cm ") are given in Table6 XI XVII. 
TABLE.XI 	. 
I.R.', ABSORPTION SPECTRA OF HYDRATED CHROMATES (vi) 
Observed Maxima (cm) 
MgCr%.5E20 La2 (C±'O 1)3 .7H2O Sm(cr%) 3 •HYDR 
KBrDlsk 
0 
Nujol Mu].]. KBr. Disk Nujol Mu].]. KBr Disk' Nujo]. MU].]. 
1645 •,b 1614.0 dpb 1640 	,b 1640 ,b: 1630 f9 t b 	. 1640 9,b 
945 w, ap .945 w, 8p 945 w 945 w 	. 9145 m 945 ni, sh 
920 a 915 a 	' 920 a .920 a 
895 btb, '890 s,b 900 § 	' .895 B 900 w,sh 900 w,sh 
860 w,sp 860 w,ap 865 in 860 in 870 M.  865 m 
'8140 in  840 in 845 w 845 w 
820 in 820 in 820 w 820w 
630 m,b 630 ni,b ' 630 w,b 630 w,b 
14.32111 432m 14.30m 4.30 m. 
W. = weak, 	in = medium, 	a = strong, 	v = very, sp = sharp, 
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I.R. ABSORPTION SPECTRA OF ANHYDROUS CHROMATES (vi) 
Observed Maxima (cm) 
MgcrO, 	 A92CrO1 
KBr Disk Iiujo1 Mu].1 Previous 	KBrDisk 	Nujol Mull Previous 
work 	 . 	work 
1000 w,sh 	1010.w,sh S.. 
985a 985 s 850s 860wsh 	ca 850 $ 
960s . 	 962s . 	
0 
930 a 932 s ca920s,vb 830 a. 825 a 	cá $30 a 
870 a 870 a . 800m 800 a 	oa 800 w 
835 ni 835 in ca800 s,b 
• 	730rn. 725s . 	 . 
450m 445ni 	. ca460w 
Reference: Campbell (1964)  
TABLE XIII 	. . 	 . 
I 0R. ABSORPTTON SPECTRA OF ANHYDROUS CHROMATES (VI) 
Observed Maxima (cm) 
La2 (Cr01) 3 Sm2 (CrO1) 
KBr 	Disk 	icujol Mull KBr Disk Nujol Mull 
1000 w,sh 
930 wsh 935 s 	S 935 
920 s,vb 	920 a 922 s 
900 w,ah 895.m 900 ni,sh 
S 	 . 
. 	 870 in 
0 	865 w,sh 
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'TABLE XIV 
I.R. ABSORPTION SPECTRA OF La2 (Cr%) 3 AND Sm2 (Cr0) 3 PR1VIOUSLY 
HEATED TO 5000C 
Observed Maxima (cil 1 ) 
K Br 	Disk Nujo]. Mull K Br Disk Nujo]. Mu].]. 
1000 w, ah 1000 w, sh 1000 w, sh 1000 w, sh 
• 	 940 a " 	 ,• 935 	a ' 940 s 	' 935 r. 
915 a , 	920', a ' 	 920 a 
900 'a 900 B 	, 890 a 900 a 
850 in 850 in 860m 	' 	 '' 860 in 
830w .830w '. 
780 s,b 780 s,b 775 s,b 775 s,b 
•TABLEXV. 
I.R. ABSORPTION SPECTRA OF CHROM.ATES (v) 
Observed Maxima (cm) 
LaCrO14 NdcrO 91CrO1 
KBr Disk 	Nujo]. Mull KBr Disk 	Nujo]. Mu].]. KBr Disk 	Nujol Mull 
860 w,sh 835 w9 sh 	Position '840 w,sp 	Position 
• 	 , . of 'maxima ' of maxima - 
842 w,sp.8L.5 w sh. S • 	 • lndefini.te indefinite 
812 m 	810 mb 780 S,vb 	• • 	 • 800 s,vb 
734s 	oa725.  
The N.ujol mull spectra of neodyEniuni and samarium chromates 
(v) were difficult to interpret since the band maxl.mum was due to 
1 the 725 ,cm nujol band in each case. 	, 
FG.XU 
LR ABSORPTION SPEC TRA OF SOME CHROMATES(V) 
2C 
* 	
I 	Frequecy (crr) 
• 	
H. 	 •• 
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TABLE XVI 
1 .R, ABSORPTION SPECTRA OF CHROMATES (III) 
Observed Maxima (cin) 
MgCr2O 	 LaCrO3 
K Br J)isk Nujol Mu].]. Previous Work* K Br Disk Nujo]. Mu].]. 
680 w,sh 680 wsh 680 in 
655 s,b 650 s,b 6140 sb 640 s,b 
640 s 9 b 625 s,b 
555 w,sh 555 580 s 9 b 580 s,b 
540 s,b 535 ab 535 s Continued Absorption 
500 s,b 505 s,b 510 $ Below 500 cm 
475 m 470 
• 
m 475 w 
430m 1425m 430w 
Haftier (1961) • 	 Silver chromate (III) gave no features In the range 2000-400 cin 
TABLE XVII 
I.R 	ABliORPTION SPECTRA OP SAMARIUM CHROMATF (III) 
Observed Maxima (cm) 
SmCrO3 
• K Br Disk • .Nujo]. Mull 
618 s,vb 620 s,vb 
585 s,b • • 	 590 s,b 
• 505 m,b • 505 m,b 	• 
475 s,b 470 s,b 
•LQw,b 440w,b 
• 	• 	 FIG.XW S 	 • 
I.R. ABSORpTION SPECTRA OF SOME CHRC)MATFS(IIñ 
x Nujol Band 
.MgCr04 ••: •• 
0uU 	 OW 	 450 	400 
• 	 S 	 Frequency(crr1) 	 S 
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• MAGNgrIC MEASUREMFTTS 01 CHROMATES (vi), :(v) AND (iii) 
The room temperature magnetic susceptibilities of the 
chromates (VI), chromates (it) and chrômates (III) were inaaured 
• and, where appropriate, values of the magnetic moment. (Mif) were, 
calculated. The results are given in. Table XVIII along with any,  
prev1ôu3ly reported values. 
TABLE XVIII 
MAGNETIC DATA FOR CHROMATES VI, V AND III 
• Compound Susceptibility 








A92CrO' -0.087 - 16O 
MgC%.5H20 0.19 0'32 165 
MgCr% 	• 025, 028 15°0 
La2 (Cr%) 3 .7H20.' -019 - 17.2 
La2 (Cr01)3 O'20 	' , 	 O54 14-0 
Sm2 (Cr0) 3 •HYDR. 	• • 2'62 • 1052 l6! L. 
Sni2 (Cr%) 3 	 • " 	 328 " 	 1.56 • 	 164 
LaCr% 	• 5•20 1'76 17•O 5.10(a)' 
NdCr% 24•13 3.83 • 	 175. 
SmCrO 	•, •, 	8 6 09 	' 2'25 18•6 
MgCr20 27.'91 	• 	S 250. 165 29'5 	(b) 
Ag2Cr2O 19•88 297 13•5 
LaCrO3 7 , 79 	• 	 • • 	 2'09 17'2 8•16 	(c) 
SmCrO3 	• .l4'L.]. 2 '91. 18'6 
Schwarz (1963) 	. 	•, 
Batta et a].. (1961) 
Jonker (1956) 
DISCUSSION 
The results obtained from the ultraviolet and visible and 
the infrared absorption Spectra of the chroinates (vi), (v) and 
(III) are discussed below.  
The ultraviolet and visible spectra are of two types: (a) those 
of the chromatea (III) which have chromium (III) octahedrally co-
ordinated by oxide uganda [Hahn and' De Lorent (1957); Ruggiero 
and Fex'ro (1955); Hoigerston  (1930)], and'where absorption bands ' 
are due to electronic transitions within the incomplete 3d level 
(d-d type spectra). ' Chromates (v) in Which chromium (v) is 
tetrahedrally co-ordinated by oxide uganda should also give d.-d 
spectra. (b) Those of the chromates (VI) and the chroxnates '(v) 
where absorption bands are due to electronic transitions from the 
uganda (oxide in this case) to the central metal ion (chromium 
(VI) or (v) of the oxyanion.. Such charge transfer gives, rise to 
much more intense abéorption featüre than observed in d-d type 
spectra. 
As stated above, all chromates (III) studied here have 
chromium (III) octahed.raliy co-ordinated. by oxide ligands and the 
chromate (III) spectra were interpreted using an Orgel..(1955) 
diagram for a d3 ion in an octahedral field. For the field-free 
ion the ground state is a F state whIch, In a field of Oh 
symmetry, splits into three quadruplet 
A 2g (F) 14T2g(F) and ig(F)•  The on).; 
state is the 4P state which gives' rise 
in an. octahedral field.' The stronger 
chroniate (III) spectra are assigned to 
states designated as 
r other field-free quadruplet 
to only one state 
absorption bands in the 
1 transitions from the A2g 
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ground state to the other quadruplet states ie. 1 A2g * 
A2g• 	>T(F); A2g _-_r1g ( p ) 	order of increasingenergy. 
The energy of the 1 A29 
	) T2g(F) transition is eq.ual to lODq 
i.ee the energy separation between the ee  and  t2g  levels. Any 
weaker bands may be assigned to forbidden quadruplet-doublet 
transitions e.g. 1 A —10 2T1g 	Strictly speaking the above 
assignments are for a a3 ion in a. field 	0h symmetry and as it 
is unlikely that the chromates (III) studied have chromium (III) 
ions on Oh sites the above levels will be further modified. In 
magnesium chroniate (III) the chromium (III) ions are on sites of .  
D3d symmetry [Thite and Do Angelis (1961)1 and the relevant 
correlatio±i table is given below [Wilson, Decius and Cross (1955)) 
for the quadruplet states only. 
Field-free ion Ion on 0 	site Ion on D3 	site 
19, 
	







	 A2g + Eg 
It is seen that the T2g state in °h  gives rise to A1g 5fld•Eg 
states in D 3d  and these will have slightly different energies so 
that the single A
29
• 	transition in 0 is replaced by 
A1g and A2g 	g transit±ons in D3ã. It is evident 
however (Fig. XI) that the energy separation between the A1g and 
states in D3 is too small to allowresolution of the peak 
containing the Z4A2g 	> 	and A2g > g transitions and for 
convenience all assignments of chromate (III) spectra are made for 
4.0 
a d3 ion in a field of °h symmetry since a similar argument maybe 
used for the other chromates (III). The value of Dq was found for 
each 'óhromate '(III.) end. from the Orgel diagram the predicted energies 
of the assigued .transitions were found. Measured absorption maxima 
(cm)'are given in Table XIX along with ai estimate of their 
relative Intensities, the values of Dq, asaignemt Of the features 
and predicted energies for these transitions. 
TABLEXIX 
INTEflPRETATION OP CHROMATE (III) SPECTRA 
COMPOUND - 	 ASSIGNMENT 
Charge 
 2 	2g212g g 	Transfer 
21 
andi'or 
Eg 	' T1g 	2g(P) "lg(P) , 2g 
t' . 
1 lg(P)  
MgCr2% 14,810w -. 16,950s 23,260s 31,250 Observed 
Dq = 1695 19,000 19,800 16,950 25,900 •. Predicted 
Ag2Cr2O lLi,080w 149700w 16,Li90s 20,830s Observed 
Dq = 1650 : 19,100 .19,900 16,500 23,800 Predicted 
LaCrO3 
 
14,60Ow. 15,270w 16260s 21,500s Observed 
Dq = 1626 19 9 100 19 9 900 16,260 23,700 Predicted 
SmCrO3 13,700w 14,700w 16,3L0s 21,600s g Observed 
Dq = 1634 19,100 19,900 16040 23,750 Predicted 
w = weak 	 a = strong 
Li 
Al]. values of Dq are in the range 1625 1695 cm for which the 
• 
	
	'•_ Eg and A2g 	2T1g transitions are predicted to Occur 
in the range.' l9000 -. 20,000 cm but measured values faU into the' 
range 13,700 '15,270 cm •: For chromium (III.) ins in various 
octahedral sites Wood, Ferguson, Icnox and' Dillon (1963) found the 
• 	above quadruplet-doublet transitiOns tb' occur at about 114., 200 
for"Dq values 'in the rige 1630-1800'. cm. Orgel diagrams were 
constructed, from calculat±ons based on Crystal Fleld'JThebry which 
considers, metal-ligand bonding to be strictly ionic. . In the 
chromates (III) 'atudied here there is certain to be some chromium- 
• 	oxide covalency which may lead to the electron pairing energy of 
the t3 	 4  electrons, as measured by the A2g 	2 and 4'A2g• 	lg 
energies, being lower than it is in the purely Ionic case. The' 
• . measured energies for the 4¼2g —e T1g (F) transition for the. 
different 'chromates '(III), are in fair agreement with the predicted 
va].ués (Table XIX) although again exact agreement with predicted 
values is not expected since Influences such as cation-anion covaleney 
• 	and next nearest neighbour Interactions may lower, the energy of this 
transition relative to the purely Ionic case. Strong bands in the 
27 9 000 - 31,500 cm range have been assigned to charge transfer 
and/or the 14A2g 	)P g(P) transition which ispredicted to occur 
at about 40,000 cm for Dq values of about 1640 cm. 
Approximate values for the Racah electrostatic interaction 
• parameters B and C are', given 'for each chromatO (III) In Table XX 
and were calculated using the method of Tanabe and Sugano (1954) 
where the energy of the 14A2g F) trànItion is equal to 
10 Dca 12B and that of. the 4¼2g 	o,2E transition is equal to 
9B + 3C. 
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TABLE XX 
RACAH PARAMETERS FOR CHROMATES (III) 
COMPOUND - B(cm) C(cm) c/B ft = B/B1 
MgCr2O 526 3359 6'39 057 
A92Cr20 1, 370 3538 9.7 OO 
LaCrO3  437 3556 	.• 815 0448 
SmCrO3  440 3250 7•39 ' 0.48 
B1 is the value of B for the !free' Cr ion and Is 920 cm 
[Wood et al. (1963)1; fi is the •.nSphelauxetic ratio [Schffer and 
Jorgensen (1958)]; C1 is the value of C for the 'free' Cr jr 
and is 3,680 cm [Wood et al, (1963)14 It isseen that Band C 
do not vary regularly with each other as Is shovi by the variation 
in the.values of C/B for the various chromatea (iii), A similar 
effect was found by Wood etal. (1963) and Liehr (1963) has stated 
the following. "The alteratiOn of the e and t2 ,moleáular orbitals 
due to differential expansion of the metallic basis kd orbitals 
and to selective modification. of the ôovalent linkaEe of the 
addend orbitàls'beóauseof strictura1 and steno effects and 
incompatibilities ( 'sui as fixture of a transition metal ion In 
too' large or small a lattice hole or a distorted site) Induces 
strong fluctuations In the electron - electron repulsive forces 
as measured by the Racah parameters B and C. and hence the 
vacillation of the ratIo:O/B". It was concluded [Wood et al 
(1963)] that the elementary conception of the nephelauxetiodis-. 
placement Is of restricted use In. crystalline media and that it is 
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therefore dangerous to attempt quantitative calculations relating 
the B/B2 . ratio to Covalency. This will of course be particularly 
true when considering different 11gans. In the compounds 
studied here 'the ligand (oxide) is. the same. in all cases and it 
does not seem too uniéasonabLe to use the fi values merely to 
place the compounds in the order of relative covalency of the 
chromium-oxygen bond and to try to account for this order, The 
values of ,B (Table xx) show that thö degree of covalency,of the 
chromium-oxide bonds in the chrornates (III) is in the order 
A92Cr204 > LaCrO3 SmCrO3 > MgCr2O. The accompanying cation 
will Influence the covalency of the chromium-oxide bond due to 
its electron attracting or po].arising power, the higher the 
polarising power of the cation the lower will be the covalency of 
the chromium-oxide bond. The polarising power of the cation may 
be measured by e/r2 [Ferraro and Walker (1965)] where e is the 
formal charge.on the cation and r the ionic radius. Values of 
e/r2 for the cations silver (I),' magnesium (II), lanthanum (III) 
and sumariwn '(III) are given in Table XXX from which it can be seen 
that the order in terms of covalency of the chromium-oxide bond 
should be Ag2CrO > LaCrO3 > SmCrO3 > MgCr2% whIch agrees well 
with the order given above on the basis 'of the ,8 values. 
TABLE XXI 
POLARISING POWER OF CATIONS IN CHROMATES (iii) 
COMPOUND CATION CATION RADIUS (A) e/r2 
Ag2Cr20 	. Ag+ 	. 	' 1'26 ' 	0.63 
LaCrO3 La3 l'15 . 	 2'27 
SmCr03 	 . Sm 097 3•19 
MgCr2 	' 	. 	 ' 	 . . 065 	. . 	 .73 
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The charge transfer spectra of the hydrated and anhydrous 
• 	chromates (vi) and the spectra of the chromates (v) were inter 
preted on the baSis of the Viste and (ray (1964) molecular orbital 
energy level diagram for tetrahedral oxyanions in which the first 
two charge transfer, bands are assigned. to t1 	2e and. 3t2 	2e 
transitions in order of increasing energy The relevant part of 
the energy level diagram for a d° tetrahedral oxyanion is given 
below. 	 ' 
	





3t2 '1 •r 	r 
The .firát transition (t1' :,.2e)  occurs at 26 1,810 cm for 
chromaté (VI) in aqueous solution [Carrington, Schonland and 
Symons (1957)) and 18 essentially the transfer of an electron from 
a non-bonding oxygen iT -rb1tal of t 1 symmetry to an antibonding 
molecular orbital of e symmetry and' which is mainly metal (chromium 
• , 	in this case) in character; i.e. the t1 ' .> 2e transition gives 
effectively reduction of chromium (VI) to chromium (v). The 3t2 
• 	• 	2e transition occurs at 36,630 cm for chz'oniate (VI) in 
aqueous solution [Carrington ét al. '(1957)j. The above system of 
energy levels and assignments applies to' Oxyanions with T&. 
symmetry but since it is unlikely that the 'chromates (VI) studied 
here have chrornate (VI) 'groups of T symmetry then the above 
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energy levels will be modified. The .chromate (VI) groups in 
athydrous magnesium chromate (VI) have C2 symmetry [Pannetier 
et. lo (1965)) and the relevant part of the correlation table 
[Wilson, Decius and Cross (1955)) is given below. 
t1. 	 A2 + B1 +B 
t2 	. 
A1l.ievels of the subgroup .(C2)  arising from the same Tenergy 
level will have slightly different enerSies  so that the t1 ,. > 2e 
transition for a Td oxyanion will be replaced by transitions from 
each of A + B1 + B2 levels arising from t1 to each of the A1 + A2 
levels arising from e. It can beséen from the relevant spectra 
(Figs. VIII and Ix) that the energy. differences between A1 and A2 
(from e) and between A21  B1 and B2 (from t1 ) are too small • to 
permit resolution of th. band, assigned to to 	2e for the 
ion, into its possible components. . For simplicity therefore all 
chx'omate (VI) absorption bands are assigned as for the Ta  ion and 
Table DCII gives the positions of absprption maxIma together with 
an estimate of their relative intensities and their assignments. 
The absorption bands in the spectra of the axihyth"ous chromates' (VI) 
are generally, broader than those of the corresponding hydrates 
(?igs. VIII and Ix). 	A reason for this maybe a lowering of the 
symmetry of the chromaté lons on dehydration, Although the 
symmetries of the chromate groups in the hydrated chromates (VI) 
are unknown they will probably be slightly lower than Td. 
TABLE XXII 
• ASSIGNMENTS OF FEATURES IN CHROMATE (vi) SPECTRA 
Compound Absorption Maxima 	. Assignment 
cm • Intensity 
MgCr%.5H20 370 279030 v.a. t 	2e 
275 36 9 360 b 3t2 	> 2e 
La2(CrOL1 )3.7H20 370 27,030 v.a.. t1 so2e 
275 36060 a 3t2 - 2e 
Sm2(Cx)3 .Hydr 370 27,030 . 	v.s. t1 -32e 
280 35,710 a 3t2 - 	2e 
MgCr% 370 279030 V.a. t1 - 2e 
270 37,040 S 3t2 —p 2e 
Ag2Cr% 480 20,830 . 	 V.8. t1 	) 2e 
260 38,460 a 3t2 - 	2e 
La2 (Cr%) 3 375. 26,670 . 	v.a. t1 	9- 2e 
280 35,710 8 3t2 o, 2e 
Sm2 (Cx'0) 3 Li.35 23,000 v.a. t1 - 	2e 
275 36060 •:.• 	S •• 	3t 	)2e 
One reason for this will be the presence of water molecules which 
will coordinate to the accompanying cations thus shielding the 
chromate groups from their polarising power. On dehydration the 
metal ions will move closer to the ebromate groups and are likely 
to lower their symmetry and cause a broadening of the absorption 
bands. The t1 — ' 2e band of silver chromate (vi) is particularly 
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broad and may reflect extreme distortion of the chromate sites by 
the sliver Ions but this cannot be stated conclusively since the 
structure of sliver chromate . (VI) is uiithown. 	If some but not all 
of the oxygens of the chromat4 group are linked to sliver ions 
covalency and 14d-3s backbonding effects may result In the charge 
transfer energy on . these chromium - oxygen bonds being, slightly 
different from those where oxygen is not linked, to silver. This 
would lead to a broadening of the absorption band correspondi.ng to 
the t1 	2e' transition.. Symons and Trevallon (1962) found a very 
broad band" at 570m in the diffuse reflectance' spectrum of silver 
permanganaté and suggested that cation-anion charge transfer might 
be occurring in the same region as intra-anion charge transfer. A 
similar explanation might be given in the 'case of silver chromate 
(VI) although' knowledge 
Ag '+ Cr%2 - Ag + 
say whether or not this 
Chromato (v) is a 
Gray (19614) have assign 
of the activation energy for the process 
Cr0 is really required before one 'could 
is Thaslb].e.  
dl tetrahedral 'oxyanion for which Viste and 
dthe first band'at 16,000 cf In the 
aqueous solution spectrum (Bailey and Symons (1957)) to the' 
2e -3 14t2 ti"anaitlon i.e. 'a d-d' band'. The first charge transfer 
band (t1 	2e) in the solution spectrum. of chromate (v) occurs 
at 28,200 cm [Bailey and Symons (1957)]. Although none of the 
chromates (v) studied here have chromate groups of T&  symmetry, for 
reasons already given for the chromates (vi) all assignments of the 
absorption features are made on the basis of the Td  ion. Table 
XXIII gives the positions of the absorption maxima in the spectra 
of the chromatea (v) together with an estimate of their relative 
Intensities and assignments. 
TABLE XXIII 
ASSIGNMENTS OF B.ADS. IN CHROMATE (v) SPECTRA 
Compound . 	 Absort1on maxima Assignment 
• 1nli cm7 l Intensity 
LaCrO1 760 13,160 . w 
660 15150 w 
390 251640 .. 	a 	'' 	. t1*-32e 
3008h 33330. w 
• 	idCr% 	•. .. 810 121350 w 
700sh 14, 280 w •., 
WhO 24, 390 a ,, 'tj -p 2e 
SmCrO1 850 . 	11 0 760 
680 149710 I 
415sh 24,09,0 • 	S 
400 25,000 ' 	 8. -3 2e 
• 	. 
320 319250 . 	w . 
.280 35,710 w 
w = weak 	. 	a 	strong 	•' sh = shoulder 
The only bands which can be assigned With certainty are the t1 -p 2e 
bands at 25 9 640 (LaCr%). 2Li,'390 (NdCr%) and 25,000 cnf' (SmCr011). 
The energy of the t1 	) 2e band gives a measure of the activation 
energy for the process chromium (v) 	• chromiuni (Iv). The weak 
feature at 15,150 (LaCr%), 14 9 280 (NdCr%) and 14,710 cm 1 (SmCr%) 
is probably the d-d (2e 	> Lit) band of the chromate (v) since it 
Is reasonably close to the energy for 'this band (16 9 000 cni) for 
the chromate (v) Ion inaquoás solution [Bailey and Syinons (1957)). 
The weak feature at 33030 (LaCr%) and 31,250 or 35,710 cm 
(SmC%) may be the 3t 2 - 2e band although this cannot be stated 
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definitely since the position of this band is unknown for the 
aqueous 'chromate (v) ion. The shape of the charge transfer band 
(410 m) of üeOdymium chromate (v) - . (Fig. x) •indicates a feature 
at about 300 xn (33,330 cth). 
• 	It was intended to discuss the infrared absorption spectra 
of the hydrated and anhydrous .chroniates (VI) in terms of the 
symmetry [Halford (1946)J of the chromate anion in the various 
lattices. However, the structures of the hydrated and anbydrous 
chromates (vi) and silver choniate (VI) are unknown and &.though 
inagnesiumchromate (Vi) pertahydrate is 'Imown [Bonatti and 
Banchett± (1932)] to be lsoniorphous, with àopper sulphate penta-
hydrate (apace. group P1 - o, Z = 2) whIch has [Beavers and 
Lipson (1934)] the sulphur atoms in general pOsitions, the symmetry 
of the chromate anions in magnesium chromate (VI) pentahycIrate 
cannot be known until the parameters of the oxygen atoms have been 
measured. The structure of anhydrous magnesium chxvrnate is known 
[Pannetler et al. (1965)] to be D17-  Cmcm and isoniorpbous with 
CrV0 [Brandt (l9L.3)J In which the vanadlums are on sites of. C 2 
symmetry which will also be the symmetry of the chromium sites in 
magnesium chromate (VI). Even although the symmetry of the chromate 
groups Is unknown In all but one of thecompounds studied, perfectly 
reasonable assignments of the absorption bands may nevertheless be 
made from a knowled,ge of the fundamental frequencies of the 
chromate (VI) anion in aqueous solution, which are [Stammrelch, 
Basal and Sala (1958)]. 
1 (A) j(E) 	. 3 (F2 ) 
847 • 	 . 	 3148 884 • 	 368 cm 
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Thus only the, non-degenerate symmetric stretching frequency 'TO, , 
and the triply degenerate asymmetric stretôhing frequency 
3 
would be expected to appear in the range studied (2000 s. 400. cni). 
Table XXIV gives the positions of the absorption maxima (cm) in 
the spectra of the hydrated and anhydrous chromates (VI) together 
ith an estimate Of their relative intensities and assignments. 
Features assigned to the same vibrational mOde are in 'the 'same 
horizontal row of the table. 
Considering firstly the hydrated chromates (vi), the two or 
three bands ocoirrdng between 945 and 890 cm7l are assigned to the 
asymmetric stretch 9) which is. Infrared allowed [Stainmreich,' Bassi 
and Sala (1958)1 and. triply degenerate for the Ta ion but this 
degeneracy may be partly or totally removed by the lowered symmetry 
or the' cronate (vi) qnion in the lattice, The single band at 
.860 -. 865 cm is assigned to the non-degenerate symmetric stretch 
~Di .ithichis infrared inactive inTd.[Stainmreich etaI.  (1958)] but 
may be allowed in the chromates (vi) studied. where the symmetry of 
the anion Is likely to be lower than Td! The strong band at about 
1640 	is assigned to the H20 bending mode whose frequency does 
not vary much from,one' hydrate to another [Nakamoto (1963)]. The 
weaker bands between 820 and 845' cni 1 in the spectra of the hydrated 
lanthanide chromates (VI) are probably the rocking modes of water 
coordinated to the catIon [Nakàgawa and Shimanouchi (1964)] and the 
band at 630 cm' is probably the 'coordiiated water wagging mode 
(Nakagawa and Shimanouchi (1964)). The frequencies of boththe 
rock and wag modes vary with the cation to which thewater.is co-
ordinated [Nakagawa and Sh1manouc1i1 (1964)J. No OH 2 rock or wag 
TABLE XXIV 
ASSIGNMENT OF SPECTRAL FEATURES OF HYDRATED AND ANHYDROUS CHROMATES (VI) 
MgCr%.5H20 La2 (CrO,) 3 .7H20 Sm2 (GrO4) 3Ilydt. LigCr% La(Cr%)3 Sm2 (Cr%)3 Ag2Cr% Assignment 
1640 s,b 1640 s,b 1630 s,b - - - - H20 bend 
- - 1010w, f h 	- 1000 w, sli - 
945 w, sp 945 w 945 rn, sh 985 a 930 w,;ah 935 s 860w, sh 
915 a 920 a 962 a 920 8 
890 s,b 895 a 900 w,sh 932 s 900 w,sh 900 mi .,ah 825 a J 
860 w,sp 860 rn 865 m 870 a 865 w,sb 800 $ 
835ni - '- - 
840m 845w - -. - 
OHrock 
- 820m 820w - - - J 
- 7256 775 s,h• 775 s,b' -. 
630 m,b 630 w,b - - - - OH2 wag  
- - 445 in - - T455m,sp 
432 in 430m 432 ni,sp 
- s = strong; in = medium; w = weak;. sh = shoulder; sp = sharp; b = broad 
'-7' 
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modes were found in the spectrum of zagnesium chrOmate (VI) penta-
hydrate.' In a study of a wide variety of metal- aquo' complexes 
Nakagawa and Shiinanouchi (1964) assigned the band at Li.90 cm in the 
spectrum of [Cr(H20)6 j3 to be the Cr0 stretch and-this is the only 
compound containing a .tervalènt metal ton to have been studied. The 
bands at 430 cm in the spectra of the hydrated lanthanide chromatea 
(VI) are assigned to metal-oxygen stretching. 
The spectra of the anhydrous chromatea (vi) are now discussed 
in more detail. As mentioned above the symmetry of the chromate 
group in' anhydrous 'magnesium chromate (VI) 15 The 'correlation 







In C2.. A1 , B, and. B2 are infrared active [Herzberg (1956)]. The 
bands occurring between 985 and 900 .om (the spectrum'of 'silver 
chromate (VI) is discussed later)'arö assigned to the asymmetric 
stretch) and the single band 'at 865 870 it assigned to the 
symmetric stretchi)1 6 For arthydrous magnesium chromate (vi) the 
band at 870 cm is of species A1 '(ee correlation table above) 
and the three 	bands at 985,' 962 and 932 cm 1 are of species A1 + 
B1 -+ B2 although it is impossible to say which particular band 
corresponds to which species. , The bands at 930, 920 and 900'cm 
in the spectrum of anhydrous lanthanum cIizomate (VI) and at 935 and 
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900 cm In the spectrum of anhydrous samarium chromate (vi) are 
assigned to the asymmetric stretchD3 . The band at 865 In the 
spectrum of samarium chzomate (VI) is assigned to the symmetric 
stretch 	. Since the structure of the lanthanide chromates (VI) 
is unknown the species of tho 1 and).3 bands cannot be determined. 
The bands at 835 and 725 cm' (MgCr0) and 775 cm (La2(Cri0)3 and 
8m2 (Cr011) 3 ) remain to be explained. The 'infrared spectra of a 
number of chromates (VI) have been studied by Campbell (1965). 
Some of these chromates (VI) 'have the CrV% structure [Bx'andt (19 143)). 
so that the chromium is on a C2v site as, in anhydrous magnesium' 
chromate (VI) and these chromates all have bands in the region 760 - 
820 crn which cannot be assigned to either 	or 	of the 
chromate. Campbell (1965) observed that these spectra are dlchromate-
like in appearance because of the bands in the 760 - 820 cnt region. 
Spectra of alkali metal, calcium, strontium, barium and a number of 
other chromates (VI) [Campbell (1965)) do not have bands in this 
region and in this ôlassof chromatea (VI) having cations of low 
polariaing power the cations keep the anions apart so that there 
will be very little if any inter-anion interactiOn and the spectra, 
will be due to indIvidual chrornaté' (vi) groupé. In the chromates 
(vi) having ' the CrVO14 structure 	' [Brandt (19143)] there are chains of 
MO6 octahedra linked by rows of chromate tetrahedra so that there Is 
likely to be some degree of anion-anion Interaction or coupling and 
this may lead to the "extra' bands in the spectra of these chromates 
(VI). The bands at 835 and 725 in the spectrum of arthydrous 
magnesium chromate (VI) 'are assigned to anion-anion coupling and 
although the structures of ànhydrous lanthanum and sUmarium chromates 
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(Vi)aie unknoin thebands at 775 in their spectra are similarly 
assigned. The resemblance of the spectra of OrVO type ôhrOmates 
(VI) to •dchromate spectra isthus not surprising since the 
dlchromate anion can be considered as an extreme case of anion-àion 
ôoupling between two chroniate groups which have come to share one 
oxygen. 4 Campbell (1965) consIdered that the 'extra' bands in the 
spectra of, some ôhromates (MUCP%) were due to strong 
covalency and arose fz'on MU.00r stretching c.f, the Cr.00xY' 
asymmetric stretch of the dlchromate ion wich occurs [Starnmreich, 
Basal, Sa].a and Slebert (1958)] at795 cm in the aqueous Ion. 
This explanation is unlikely for two reasons. Firstly, the 
Cr system can hardly be considered as resembling the Cr 11 -.O-CrY' 
system since M-0 stretching Occurs at much lower frequencies 
II [Nakagawa anashimanouclii (1964)] and MO coordination shóüid show.. 
In a decrease in the CrY1-0 stretching frequencIes [Heze]. and Ross 
(1966)] rather than in the form of 'extra' bands. Secondly, all 
of the chromates (vi) with the CrV% structure give extra bands 
[Campbell (1965)] and In this type of structure [Brandt (1943)) 
each oxygen from the Qr% tétrahedra forms one of six orgens 
surrounding the cation (M 2 ). Ths,itMU.o covalency were such 
that the MaO-Cr T' system resembled the CpVIm.O_CiYI system of 
dichromate spectra of the CrVO 4 type chromates (vi) shOuld show no 
simple Cr' O stretching vibratiOns but only MU_0_CxYI features as 
opposed to dichromate &1ere there Is only one CrO_CxY bridge. 
In the spectrum of sliver chromate (vi) (Pig. XII) the bands 
at 860 and 825 cm are assigned to the asymmetric stretch 1) 3 and 
the band at 800 cin is assigned to the symmetric stretch 
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These bands occur at a lower frequency than 	and 	for the 
aqueous chromate (VI) i.n and some 60 cm7l lower than similarly 
assigned bands for the other chrornates (vi)., A possible 
explanation cOuld be that the d19 configuration of the silver (.1) 
ion results in the electron density over the chromate (VI) group 
bóing higher than it is for the other chromtes (VI) studied here 
because of 4d3s backbànding with the oxygens of the Cr0 group. 
This would effectively decrease the electron affinity of the chromium 
and result in a shift in Cr-0 stretching frequencies to lower 
frequencies. 
The Infrared spectra of lanthanum, neodymium and samarium 
ohromates (V) are now discussed, For the °chromate (v) ion in 
aqueous solution the only assiimant to have beeñniade [Guerchajs, 
Leroy and Rhomer (1965)) is the 0 3(f2 )' asymmetric stretch at 
675 cm 1 vthich Is triply degenerate In Td but whose deganeracy ma 
be partly or totally removed by the lowered symmetry of the chromate 
(v) ion in the lattice. Table XXV gives the positions of the 
absorption maxima (cni) in the spectra of the chromates (v) 
together with an estimate of their relative intensities. Bands 
assigned to the same vibrational mode appear in the same horizontal 
row of Table XXV. Results given are for potassium bromide disk 
spectra as the nujol mull spectra were difficult to interpret owing 




,I.Ri. SPECTIA OF SOME CHROMATES (v) 
LaCr0 NdCrO SmCrO Assignment 
860 w, eb 835 w, eli 840 w, sp 
8L2w,.sp 
812m 780 s, vb 800 s,.vb J 
w = weak, m = medium, • = strong, 	sp = sharp 9 
eli =. shoulder, 	vb = very brcad 
Lanthanum chroxnate (v) has [Schwarz. (1963)) the monoclinic 
Huttonite (thorium silicate) structure (space group P21/n - C2h) and 
is isostructural with lanth8num phosphate and cerium phosphate 
[Mooney (1948)]4 In lanthanum phosphate the phosphate ions have C1 
symmetry [Hezel and Ross.(1966)] which will also be the symmetry of 
the chromate Cv) groups in lanthanum chromate (v). Thus 	' 2 9 
and 	will all be infrared active although the bending modes 
and 	will probably occurbelowOO cin. Thus the single 
band at 734 cm 	and the three bands at 860, 842 and 812 
cm (D3 ) in the spectrum of lanthanum chromate (v) (Table XXV) 
are all of species A.. Neo&ymium and samarium chrornatea (v) have 
[Schwarz (1963); Bulsson et al. (1964)j the tetragonal zircon 
structure (space group ILl.ilathd-D) with the chromiums on sites of 
D2d symmetry. The correlation table for Td d  D2d  [Wilson, 
Decius and Cross (1955)] is given belOw. 
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• 	 'T 	 •. 
A1 
E 
3 	 .2• 	132. + E 
4 	 2. B2+E 
2 an E vibrational species, are infrared active 
• (Herzberg (1956)). The weak features at 835 cm (NdCr%) and 
840 cm 1 .(SmCr%) are probably the 'B bands which are expected 
to be sharper and weaker than the doubly degenerate E bands, thse 
being contained in the strong very broad bands at 780 cm 1 (N4Cr%) 
and 800 cm(Sn1CrO1)'. Although there are no 'extra' bands in the 
'above spectra some features require further discussion. The band 
at 734 cm assigned to 	in the spectrum of lanthanum chromato 
	
• 	(v) is much more intense than would be expected. Lanthanum 
chromate (v) is Isoatructupal with monoclinic cerium orthophosphate 
(CeP%) '[Mooney (1948)) in whiéh the ceriunis are' surrounded by 12 
oxygéns belonging to seven different P0 3 groups. Thus in lanthanum 
• 	chrOmate (v), interaction between theQr0"3 groups miht be expected 
• and this may we].l give, an ar4on-anion coupling band of the same 
• frequency as the 	band of the Cr043 group and so cause the 
observed intensity of this feature. The strong, very broad bands at 
780 cin (NdCr0 4) and 800 (SmCr%), and assigned to the E species of 
appear to be rather broad tobe only doubly degenerate. In the 
• 	zircon structure (Hassel (1926)) (Zr08 ) groups are linked by zig-zag 
rows of SiO 	tetrahedra so that in neodymium and samarium chromatea 
(v) the rows of Cr043 tetrahedra may lead to 'interaction or coupling 
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between the chromate (v) groups0 The band(s) due to anion-anion 
coupling may well be contained in the strong, very bxvad features 
at 780 crn (NdCr%) and 800 cm (Smcx%). 
The infrared absOrption spectra of the chromates (Iii) are 
not discussed because of the lack, at present, of a comprehens±ve 





When heated to suitably high temperatures, many oxysalts 
decompose according to the following equation. 
A(soljd) 	. .) B 5011 	+. C(g8) 
Methods.of following such solid state decompositions are of two 
claàses: (a) continuous measurement of weight loss of sample due to 
ev9lution of C( g ); (b) àontlnuous measurement of pressure 
	
developed by C( gas) as. the reaction proceeds. 	Method (a) can be 
used wider vacuum or under normal pressures in an atmosphere of any 
suItable gas whereas method (b) is strictly one of vacuum technique. 
The first stage in the study of the kinetics of a solid state 
decomposition is the construction of a plot of fraction of sample 
decomposed (x) aginst time (t). Such a'curve (the 'x - t' curve) 
may have one of a number of shapes [Jacobs and Tompkins (1955)] and 
the shape gives an indication of which of the possible rate laws 
might apply to a particular decomposition. Some of these rate laws 
which relate fraction decomposed (x), time (t) and rate constant k 
have been derived from. considerations of the ways in which nuclei of 
decomposition product form and grow during decomposition and these 
have been conveniently reviewed [Jacobs and Tompkins (1955)]. When 
nucleation takes place over part or all of the surface of the 
reactant particles and decomposition then proceeds by progression 
of this reactant-product interface into the particles then the 
kinetics are of the contracting envelOpe type [Jacobs and Tompkins 
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(1955)1. The actual rate equation then depends upon the shape of 
the reactant particles and, for ônspher1ca1 partiles, upon whith 
faces nucleation occurs. The rate law chosen for a particular 
decomposition is that which best fits the experimental data although 
a fit for only a limited range of x and t is usual (Huine and Colvin 
(1931)) and in some cases different rate laws have been applied to 
different parts of the decoposition curve [Yankwich and Zavitsanos 
(1964); F1scibeck and Sp±ng].er (1931)),. 	. 
Normally In a studk of solid state decompos1tion, samples are 
decomposed isothermally at a series of temperaturs so that the value 
of the rate constant k can be found, at each terzperature and from this 
dath the thermal energy of activation can, be found. •' A non-isothermal 
method for studying solid state decompositions (Coats and Redfern 
(1964)) requires much less data than the above method but sample 
• . temperature rise must be linear withtime and thus very small sample's 
must be used to eliminate thermal effects during reaction. 
chromatea(VI) decornpàse üierznaflylna number of ways depending. 
on the accompanying cation, but always with a decrease in the 
oxidatIon state of the chromium. Anunonium mono-, di- and tn-
chromates (ill) were first studedbyFischbeckand Spingler (1931) 
who formulated the decompositions as follows. 
2 (NF!) 2Cz 	 ' 2NH3 + N2 + Cr203 Ii20 + 20 
• (I 2Cr207 	 ) N+ Cr203 .H20 + 3H20 
2(NH11)2Cr3010 . , . 	> 	+' 3/2 02 + 30r203 .H20 + 5H20 
For thermal., decomposition of ammânium dichromate with continuous 
evacuation in the temperature range 188-218 °C'they [Fischbeok and 
Spingler (1931)] reported that the fraction decomposed was 
6]. 
x'Oport.ona]. to (t t1 ) up to 30% decomposition where t1 Is the 
induction period. From about 30100% decomposition followed a 
contracting sphere mechanism [Pischbeck and Spingler (193:01 governed 
by the equation ].-(1..z) " = k(t t0 ) where t0 is the time 
corresponding to maximum rate. Taylor (1955) studied the 
decomposition of aminonium dichromate under vacuum in the temperature 
rnge 195-2180C. Results fitted the ProutTompkins equation (Próut 
and Tompkins (1946)J in the form log 	= constant + k log t where 
f 
P is the pressure at time t and P is the final pressure corresponding 
to complete decomposition. A similar study by Simpson (1957) showed 
that decomposition of ammoniuzn dichromate followed the 'simple' 
Prout-Tompkins equation [Prout and Tompkins (194)J in the forn 
log pP..p = kb + constant. 	 S 
The alkali metal chx'omatea (VI) are all extremely stable to heat. 
Sodium chr mate melts at. 800°C (Nayar, Watson and Sudborough (1924)) 
and shows no signs of decomposition even after prolonged heating at 
0 1,000 C and potassium chromate (vi), melts without decomposition at 
98140C [Schemitschusclmy (190010 Of the other univalent metal 
ohromates (VI), that of thallium Is stable to at least 7450C (m.p.. 
633
0
C) [Duval and Peltier (19148)); mercury (I) chroniate (vi) is 
stable up to 256°c but betweerx.256 and 671°c it làses both oxygen 
and mercury leaving a residue of chromium (III) oxide [Dupuis and 
Duva]. (19149)]. Although thermogravimetric work by Dupuis and 
Duva]. (19149) has shown that silver chromate (VI) is stable up to 
8120C, similar earlier work by Ishli (1931) indicated that It was 
tab1e up to 6500C. A phase studyof the silver chromate (vi)-
silver chromate (III) 	silver system [Schenck et al. (1942)].has 
62 
indicated that silver chromate (VI) is stable up to about 520 °C 
(for details see page 3 of Section I), No detailed study of 
the isothermal: decompsit1on of silver chronate (VI) has been made0 
Some divalent metal chromates (VI) are quite stable to heat: 
lead (II) and barium ch.roinates (VI) are stable to over 900 0C [DUPUIS 
and Duva]. .(]..9L.9)] and calcium chromate (VI) shows no. signs of 
decompositIon whenheated at: 1000 0C [Nayar. at a].0 (192)16 	Gharcossot 9 
• Punier and Trambouze (196) reported that nickel chromate (VI) is 
stable to about. 1 9 000°C in air and they studied thermogravimetnically 
the decomposition of copper (II). chromate (VI) in air over the 
range 403'.49000 Liercury (II) chron ate (VI) decomposes in two 
stages [Lainure and Colas .(l963)j: 
• 	.3HCr%4Cr03.3Hg0 +Cr203 + 3/2 02 	(a) 
2(Cr03 .3990) 	-4 cr03 .HgO + 5H90 + 3/2 02 	C • è4. (b) 
No details are given of the temperature range over which reaction (a) 
takes place. Reaction (b) was atudied at temperatures above 400 0C 
when the double oxide (Cr203 .igo) slowly decomposed with loss of 
mercuric oxide. 	. 	'. 	 .• . 
Lagnesium chromate (VI) begins, to decompose very slowly In iIr 
at 3500C [Hennich (1954)] and a number of studies have been made on 
its thermal decomposition [Ryss and Unickaja (1934)1; Charcosset, 
Tuniler and Trambouze (1963)). MOst recently Charcosset at al. (1963) 
studied the decomposition of anhy&rous magnesium chrornate thermogravi-
metrically and found that it followed a first order rate law with an 
activation energy of 96 K.cal.per mole0 . Under vacuum the reaction 
was found to be autocatalytic [Charcoaset et a],. (1963)] and no 
attempt was made to fit the results to a rate equation0 There are 
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two conflicting mechanisms reported for the decomposition of, 
anhydrous magnesium chromate (vi). The first postulated by Iysa 
and Urickaj.a (1934) and favoured by Charcosset et a].. (1963) can 
• be formulated as follows:•' 
2MgCr% rapid 	M92Cr2O5  + 3/2 02 •••••• (a) 
Mg2Cr204 	slow> MgCr20 + MgO ............ (b) 
The existance of the basic chroniate (III) (Mg 2Cr2o5 ) was originally 
postulated [Viarö. (1889, 1891)] on the basis of acid extractions 
made on fully decomposed samples of magnesium chrômaté (VI) when 
only part of the magnesium oxide was extracted. Charcosset et a].. 
(1963).reportedthat the basicchroxnáte '(III), whichis amorphous 
to Xrays [Charcosset et a].. (1963)3, is prepared by repid decomposition 
of magnesium chx'ornatè (VI) at 8000C when the prodüàt áôntains no 
more than 15% of the nOrmal chromate (III) (Mgcr204). .• Henrioh 
(1954), however, favours decomposition according to the following 
equation, 	 • 	•., 
2MgCrO MgCr% + MgO + 3/2 02 
and claims to have 'extracted all of the 'magnesium oxide from a fully 
decomposed sale of the c1romate (VI). 
The lanthanido chromates (VI) decompose in two stages according 
to the following general equations [Schwarz (1963)1. 
2M11 Cr' 0 4 + O'5Cr203 + l •2502 	I .2 	43
2MCr'0, 	-. 2MIII  Cr"103 + 02 	 II 
For lanthanum chromate (VI), stage(I) begins [Schwarz (1963)) at 
570°C, and chromates (v) are generally unstable above 6400C (Schwarz 
• 
	
	(1963)). No detailed study of the thermal decomposition Of any 
lanthanide chromate (VI) has been previously reported. 
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Of the salts of other transItion metal oxyanions only the 
thermal decomposition of permangañates has been studied in detail. 
Thermal decomposition, under vacuum, ófwhóle and ground crystals 
of potassium permanganate was studied by Prout and Tompkins (19144) 
who found that reeu]ts best fitted the equat1ó 1g 	= :kt + c 
(x = fractIon decomposed; t := time; k and c are constants) which 
has since become ]nownas the Prout-Tompkins eqation. Thermal 
decomposition of rubidium [Hêrlyand Próut (1960)] and caesiiim. 
[Herley and Prout 4959)] permanganatès also follow the 'simple' 
Prout-Tompkins equation [Prout and Tompki.ns (I14)] although results 
for silver permanganate were best fitted [Prout and Tompkins (1946)] 
by the modified equation log . 	= k log t + c. The mechanism 
proposed for the decompositions of potassium, caesium,. rubidium and 
silver pernianganates was the sae and was based on the mobility of 
electrons which were considered to transfer from an oxygen of the 
permanganate ion to the accompanying cation [Prout and Tompkins 
(1944)J. : Grinding the sample [Prout and Tompkins (1944)1 or 
exposing It to Y-irradlatlon [Prout and Sole (1959); Prout (1958)] 
prior to decomposition led toashortening of the induction period 
andpré-irradiation increased the rate Of decomposition at any. 
tanperature. Pre-'irradiation was considered [Prout (1958)] to 
cause displacement of some cations to interstitial positions causing 
lattice defects which aid decomposition. Boldyrev et al. (1962, 
19639 1966) have studied the thermal decompositIon and effects of 
pre-irradiation on the thermal decomposition Of permanganates with 
a view to.giving a mechanism for the decomposition and for the effect 
of pre-irradiation on the sample. . For the alkali metal permanganates 
[Boldyrev-, Raitsimling and tJsRov (1966)] the equation for both radio- 
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lytic and thermal decomposition is: ' 
• " 2IMnO14 	> KMnO1 + n02 + 02 
It was pOStÜlat'ed[Bo]dyre.v etal. (1966)] that'the mechanism 
Involves electron tranfer between anions: 
2Mn% 	Mn0 	+• MnO' 
The manganate (VI) ion is more stable than permanganate but 
Mn0 decomposes to manganese dioxide and oxygen. Addition of 
manganate (VI) inhibits the decomposition but manganese dioxide 
accelerates'lt probably because itacts as an electrOn acceptor in 
the perinanganate lattice f Doldyrev èt al. (1966)1, The increased 
rate of dec9mpoaition on pre-Irradiation is considered [Boldyrev, and 
Obl±vantsev (1962)1 to be due to small amounts ot deôornposltlon 
products formed on radlolysls.rather than duO to displacement of 
cations to Interstitial posItiors in the lattice. since. pre-
Irradiation with energies less then required for cation displacement 
cause an incrase in rate of therma1 decompositiOn. 
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EXPERIMENTAL METHODS 
The isothermal decomposition of the anhydrous chromates (VI) 
and (v), prepared as in the previous section, was studied at a 
series of temperatures. All thermal decompositions were carried out 
on a Stanton Massflow M.F.H.-1 automatic recording therinobalance. 
Normally samples contained in platinum crucibles to give best heat 
conduction were introduced. into the cold furnace and heated at a 
rate of 6 centigrade degrees per minute to the working temperature 
at which point isothermal control was maintained for 220-240 minutes 
during which time sample temperattire and loss in weight of sample 
were contiiuously chart recorded. For each particular chromate 
studied samples decomposed wore of the same size to ellminatee. 
any effect of sample size on rate of decomposition. The effect of 
sample size on rate of decomposition v7a.s investigated for magnesium 
and silver:chromates (VI). and results are given later in Figures XVI 
and XVII. Samples were taken from the same batch of stock material 
since it is showi later (Fig. xviii) that different batches of silver 
chromate (VI), whose previous histories were similar, decompose at 
different rates at the same temperature. 
• 	Attempts were made to plunge samples i.e., to introduce them 
into the furnace at the working temperature but the design of the 
thermobalance made it.iinpossible to avoid ; a temperature overshoot. 
Twomethods were tried: (a) the furnace was pre-set to control at 
T°Gand heated up in the raised position; the sample was then 
introduced, and the furnace plus heating sheath lowered when a 
temperature overshoot to T + ca.2500C was observed; (b) the furnace 
° was heated up to TC in the lowered position and then quickly raised, 
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the sample introduced, and the furnace plus sheath lowered again; 
- 	a temperature overshoot to T + 8 to 100C was observed. 11ethod 
(b) was used, in plunging experiments the results of which are given 
in Figures XVI and XVII for magnesium and silver' chrómates (VI). 
Sample temperature as recorded on' the thermobàlance chart Is 
measured by a: platinum-platinunrhod.1um thermocouple located just 
over the sample and the accuracy of reading recorded temperature was 
determined In the range 520-7200C by the following method; a 
chrornel-alumel thermocouple was calibrated against a platinum 
resistance thermometer and was mounted in the thermobalance with its 
hot junction bead just below that' of the recording thermocouple. 
The'chpome].-alurnél thermocouple output was measured by a Cropico 
'thermocouple potentiometer. Potentionietrica]iy and chart recorded 
temperatures were measured at ca.lO centigrade' degree intervals and 
results are given In Table XXVI. The :,otentiornetrically recorded 
telr4peratures given are mean values and the + values are the 'maximum 
observed variations about the isothermal mean. The results in 
Table )OCVI show that the chart recorded temperature is always 0-2 
centigrade degrees higher thanthe 'actual. temperature, A, graph 
was drawn of 'potent1ometrIcally recorded temperature against chart 
• recorded temperature (Fig.' xv) and 'this shows that chart temperature 
• can be read to within 1C0 . 	 ' 	 • 	 ' 	 ' 
The isothermal decomposition of anhydrous magnesium chromate 
(vi) was studied as follows, : Weighed (ca.1.013g) samples of 
anhydrous magnesium chromate (vi) were isothermally decomposed at the 
following temperatures: 600, 610, 620, 622, 6359 650 and 6720C.. 
• 	From the recorded weight loss at any time (t) the fraction (x) 
decomposed was calculated by reference to the 'following equation 
• 	
' 
• 	 S 	 FIG. XV 	S 




2MgCrO14 	> MgCr%. + MgO + 3/2 02 	"(1) 
The effect of halving sample size on the rate of decomposition 
was studied at 6100C and. the effect of plunging on the rate Of; 
decomposition was studied at 580°C. The results are given in 
Figure XVI, Halving the sample size had no effect on the rate of 
decomposition at 610 0C, whereas plunging increased the rate at 5800C. 
The increased rate on plunging may well be due to the unavoidable, 
slight temperature overshoot which occurred. 
TABLE XXVI 










Temp. C . 
Chart 
Temp. °C 
520 	0•2 521 589 + 0.5 591 678 + 0.2 659 
530 ± 02 531 600 + 0.5 600 670 ± 0•5 671 
538 	0.5 540 610 ± 0'5 611 679 ± 0•2 680 
5L1.9 ± 0.5 550 619 + 0°2 620 687 + 0•2 689 
557 ± 0.5 559 	. 628 + 0'2 628 700 + 0.2 . 700 
569 ± 0.2 570 . 	639 +0'2 6140 710 + 0•2 710 
581 ± 0'2 581 6149+ 05 6149 719 +0.5 719 
The istherrna1 decomposition of silver chromate (VI) was studied 
as follows. 	Weighed (ca. lQQQ g.) sanles of silver ciiromate.(Vi) 
were decomposed at the. following temperatures:, 600 9 610 9,; 620 and 630°C. 
From therecorded weight loss at any time (t) the fraction (x) 
decomposed was calculated from the following equation [Sehencic et al.. 
(19143)1 	 . 	.. 	 . 
• 	FIG. XV 
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THERMAL DECOMPO5I11ON OF 5AMPLES OF 
Ag2CrO4 TAKEN FROM DIFFERENT BATCHE5 








2Ag2Cr% 	> AgCxi0 + 2Ag + 202 ...... (2) 
The effect of halving sample size on the rate of decomposition at 
6100C was studied and the effect of p].unging'on rate was studied at 
5800C. The results are gien in Figure XVII. As for maguesium 
chromate '(VI), halving sample size had no effect on the rateof 
decomposition of silver ciromate (vi) at6100C whereasplunging 
increased the rate at 5800C. 	The effect of using samples of silver 
chromate (VI) from different batches was also studied. The 
results are plotted in Figure XVIII' from which it is seen that rate 
of decomposition at a particular temperature varies from batch to 
batch.  
The first stage of the isothermal' decomposition of'nhyd.rous 
samarium chromate (VI) was studied as follows. Weighed (ca. 1.000 g,) 
sampies of anhydrous samarium chromate (VI) were isothermally decbmposed 
at the following temperatures:, 520, 530, 5Li.3, 550, 562 and. 572°C. 
From the observed weight 1ossat èny time (t) the fraction (x) 
decomposed was calculated from, the following equation.' S 
Sin2 (Cr014) 30.06Sm203 	> 2'l2SmCr% + 0'l4Cr2O3 + l' 1902 ...(3) 
Since samples used, were the smallest compatible with accuracy, the 
effect of decreasing sample size on rate of decomposition was not 
studied.  
The first stage of the isothermal decomposition of axihydrous 
lanthanum chromate (VI) was'studied as'follows. 	Weighed (ca. 1'ooO g.) 
amounts of anhydrous lanthanum chromate (VI) were isothermally 
decomposed at the following temperatures: 580, 590, 594, 600, 612 9 
620 and 6300C. From the observed weight loss at any time (t) the 
fraction (x) decomposed was calculated from the following equation 
70 
[Schwarz (1963)1. 
La2 (Cr014) 3 	> 2LaCr0 + 0'5Cr203 + 1 0 2502  
The effect of decreasing sample size on rate of decomposition was 
not studied. 
The second stage of the decomposition of lanthanum and 
samarium chromatee (VI) was studiedusing samples, of the chromates 
(vi) fully decomposed with respect to equations (3) and (Li.). For 
the second stage of the decomposition of samarium chromate (VI) 
weighed (ca. 1.000 g.) samples were isothermally decomposed at the 
	
folloviing.teniperatures: 670, 684, 6909 700 9  710 and 720
0
00 	From 
the observed weight loss at any time (t) the fraction (x) decomposed 
was calculated from the following equation [Schwarz (1963)) 
2.l2SmCr%+ O'14s.Cr203 —>2412SmCx.+ OoLiLiCr2O3 +3.00602 •••'• (5) 
• For the second stage of, the decomposition'of lanthanum chromate (VI), 
• weIghed (ca. l•000 g.) samples were isothermally decomposed at 630, 
641 651, 652, 660, 672, 680, 693 and 70100. From the observed 
weight 'loss at any time (t) the fraction .(x) decomposed was 
• calculatedfxorn the following equation Schwarz (1963)]. 
2LaCr%+ 0'5Cr203 	> 2LaCrO3 +.0'5Cr203 + 02 ...'.. (6) 
The first stage of the decomposition ,ot neodymium chromate (VI) has 
already been studied by Kirkpatrick [Darrie, Doyle and Kirkpatrick 
(1967)] and to complete the picture the second stage was studied 
here using samples completely decomposed with respect to equation (7) 
[Schwarz (1963)1,' 
Nd2 (Cr%)3 	> 2NdCr% + 0•5Cr203 + 1 0 2502 	(7) 
Weighed (ca. l'OOQ g.) sannles.were decomposed at the following 
temperatures: 610, 619, 620, 632, 644, 650 0 660, '672 and 6820C. • From 
71 
the observed weight loss at time (t) the fraction (x) decomposed 
was calculated from the following equation (Schwarz (1963)) 
2NdCr0+ 0'5Cr203 	'2NdCrO3 +O•5Cr203 + 02 ••• 
The Isothermal decomposition of lanthanum, neodymium and 
samarium chromates (v) was then studied. 
The decomposition of lanthanum 'chromaté (v) was stidied as 
follows. Samples (ca. 1 '000 g.) of lanthanum chromate (v) . were 
isothermally decomposed at the following temperatures: 661, 671, 
678, 689, 700, .710, 718, 730, and 7560C. From the observed weight 
loss at any time (t) the fraction (x) decomposed was calculated from 
the following equation [Schwarz (1963)) 
2LaCrQ 	 2LaCr03 	02 ••'• (9) 	', 
The decomposition of'neodymiumcbromate (v) was studied as follcws. 
Weighed (cao 1•000 g.) samples of neodymium chromate (v) were 
decomposed at the following temperatures: 601, 611, 618, 620, 630, 
638, 650, .660 and 6700C. ?rorn the observed weight loss at any 
time (t) the fraction (x)decomposed was calculated from the 
following equation [Schwarz (1963)3 
2NdCr 4 	> 2NdCr03 + 02 ...... (10) 
• The decomposition of samarium chromate (V) was studied as follows.. 
Weighd (ca. 1.00090 samples of samarium chromate (v) were iso-. 
• thermally decomposed at the following temperatures: 650, 662, 672, 
680, 690, 700, 710 and 7200C. From the observed weight loss at any. 
time (t) the fraction (x) decomposed was calculated from the 
following equation (Schwárz'(1963)) 	 .. , . . 
2SmCr0 	 > 2SmCrO3 + 02 .••• 	(11) 
Magnetic susceptibility measurements, 'infrared absorption spectra 
and X-ray diffraction patterns were measured for a number of partially 
72. 
and cóinpletely decomposed samples of each chromate (VI) and (V) 
to find out whether or not any decomposition intermediates could 
be detected. 'X-ray diffraction patterns and infrared.: 
absorption spectra were also taken of samples of each chroinate 
(VI) and (v) decomposed to approximately 1 9, 10 9  259 50, 75 and 




• 	Results are given, below for the isothermal decomposition of 
anhydrous chromates (vi) and (v) prepared as In section I. 
Various rate laws were applied to the fraction (x) decomposed-
time (t) data for each chromate'. The rate laws applied were as 
follows:' 
The power law [Jacobs. and Tompkins (1955)] in the form 
x = (kt) when n Is a constant 'and kis the rate constant. 
The Prout-Tompklns equation [Prout'añd Tompkins (1944)] in 
the form log 	= kt + a where a. is a constant and k is the rate 
constant.  
The contracting plate equation [Jacobs and TompkIns (1955)] 
in the form [l-(l-x)] = t' where .k is the rate constant and 'a' 
is the length of the side' 'of a reactant particle in the shape of 
square plate or the radius of a circular plate-shaped particle., 
• 	(d) The contracting sphere equation [Jacobs and Tompkins (1955)] 
in the form [i-(i-) " ] =''t where k is the rate constant and 'a' 
Is the radius of spherical reactant particles,. 
(e) The first , order rate law inthe form log10 11x = kt where 
k is the rate constant. " 	• 	' 
For each particular'chromate studied the rate constants at 
each temperature were calculated from the rate laws applied. , By 
application of the Arrhenuls equation In' the form k = s et'1T 
[Jacobs and TompkIns (1955)] where k Is the rate constant; a is 
• 	th& entropy factor = e 3/'R; 	is the lattice vibrational 
frequency; E is the thermal activation energy; ,T Is the absolute 
7 
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temperature) the energy of activatidn E for the decomposition was 
calculated by plotting the logarithm (base. 10) of the rate constant 
against the reciprocal of the absolute temperature. The best 
straight line through the experimental points was calculated by the 
method of. least squares and is of. slope E/2.3O3R. .. 
In the cases' where the rate of decomposition was constant 
(i.e. the fraction (x) decomposed - time(t) plot was linear) during 
the early stages of reaction the Polanyi-Wigner equation was. applied 
in the form= k'A [Jacobs and Tonipklnè (1955)] where Ala the 
reaction Interface area. and k' =, 6e-F4/RT  where C Is a constant and 
is equal to 	where M Is the molecular weight of the reactant; 
Is the weight of reactant used; N is the number. of.reactant 
molecules' per unit area of the interface; S2. Is the entropy faátor 
= e S/R• 'N is Avogadro'.s number = 6'025 x io23  and for the general 




, -> nBB( solld) + flcCgas . 
nBMB_l 	, 	.. ' 	.• , 	. , 	. ..• 	S . 
• 	 fl M).., . 
AA • 
where n1 is the number of moles of component i of molecular weight 
MV Where 	Is constant during the early stages of reaction this 
Is the rate at zero time = dt = and in this case A is the 
overall interface areaat the startof reaction. . The value of A 
was considered to be the same for each sample of a particular 
chromate since the samples used were of the same weight. Thus by 
plotting logarithm (base 10) of' 	t=o against the reciprocal of 
the absolute' temperature the energy of activation can be found. 
The error limits quoted for: values of n for the power law 
= .(kt)], for the rate constants and for the energies of 
activation were calculated as follows. Weight loss observations 
75 
were considered to be accurate to'± 0'5 mg. from which the error 
in each value of the fraction (x) decomposed was calculated. The 
error in n was found either by plotting log x against log t for 
maximum and minimum values of x, orby plotting x against t'' for a 
series of values, of n about the experimentally determined value to 
find the approximate . value of 11 for which a plot of x against t' 
was no longer linear over the required range of x. From maximum 
and minimum values of x v errors in the rate constants were 
calculated and the errors quoted for the 'activation energies were. 
obtained by combining the errors in rate constants with the observed, 
error of ± 1 centIgrade degree in measurement of sample temperature 
ISOTHERMAL DECOMPOSITION OF PNI-WDROUS CHROMATES (VI) 
The fraction (x) decomposed - time (t)data for the isothermal 
decomposition of ànhydrous magnesium chromate (VI) Is given In 
Tables A XII - A XVIII of the appendix., end is plotted in Figure XIX. 
The 'first order rate law and the contracting sphere law were each 
applied to the data and the results are given in Tables A'XII - 
A XVII of the appendix and re plotted in Figures XX and XXI. 
Contrary to the findings of Charcosset et al. (1963)9 the first 
order law does not hold very well 'over the entire' range of 
temperature studied0 The rate constaflts for' the contracting sphere 
law are given In•.,Table'XXVII and: the Arrheniu.s plot in Figure XXII. 
The Polanyl-Wigner equation was also applied to the decomposition 
and values of () 	are given 1n Table XXVII and the Arrhenius 
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RATE CONSTANTS FOR KINF.TIC LAWS APPLIED TO DECOMPOSITION OF 
:ANHy]RJS MAGNESIUM CHROMATE (VI) 
Absolute . 	 Rate Constants 
Teinp.°K. 	. 
Contracting Sphèrè . 	PolanyiWignex' 
m1n 	x 103 x 103 
873 	" 0'368 + 0.002 1•03 +0'09 
883 	" l'lO + 0'01' '. 	3•21 + 0 , 314 
893 	: I'42 +0'03 	, 3914+0'26 
l•52 + 0'03 	" 4'43 +0'37 
908 	.. 288 ± 005' 	, ' 	8.38 ±0 4 142 
923 1467 	0.06 12e5 + 002 
9145 . 	16•35±0148 	, 	,. . 	140'O+2'2 
A suinznaxy of the rate laws app].ied..to the decomposition of athydrous 
magnesium chroinate (VI), the range of temperature and of fraction (x) 
decomposed over'which eachlawho].ds and the calculated activation 
energies is given in Table XXVIII." . 	. 	 . 
TABLE XXVIII 
SUMMARY OF KINETIC DATA FOR MAGNESIUM CHROMATE (VI) 
Rate Law Range of .  
Temperature 	C 
Range of x Activation 
•, . 	.' Energy. 
E(K.ca]./mole) 
Xt 
= (i-(i-x)') ' 60067 o . 	x O'98 79 	14 ,. , 
Polan.yl-Wignor 	' .. .'. .. 








FRACTION DECOMPOSED(x)-TIME( )cuRvE.s 
FOR DECOMPOSITION OF Ag2CrO4 
me 
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The fraction (x) decomposed - time (t) data for the 
isothermal decomposition of silver chromate (VI) is given in 
Tables A CXX - A CXXIII of. the appendix and is plotted in Figure XXIII. 
None of the previously, mentioned rate laws were found to hold over, 
any appreciable range of fraction (x) decomposed and furthermore, the 
reproducibility of rate of decomposition at one temperature was not 
verygood(Fig.XXIII). The two problemscouldwel]. ar1se because 
silver àhromate (VI) undergoes appreciable sintering prior to 
decomposition and was found to form quite a hard and compact pellet 
	
in the base of. the crucible. 	. 
The fraction (x) decomposed - time (t).data for the first stage 
of the decomposition of anhydous samarium chromte.. (VI) is: given 
• in Tables A XIX - XXV of the appendix and p].otted in Figure XXIV. 
The. early. stage of the decomposition follows :a power law 
.[x =(kt)'1 )' and values of n for the various isothérins are given in 
Table XXIX. 	 . 	 ., . 	. 	. . 
TABLE XXIX 
VALUES OF n FOR FIRST STAGE.OP SAMARIUM CHROMATE (vI) 
Temperature °C 
520 . ' 	0.91 .+ 0'10 
530 	' 	1.05 + 0•09 
543 ., 	 ' 1', 9 + 0'12 
550 	" 	I'02 + 0•08 
562 	' 	100 + 0u09 	' 
The mean value of n is 1'O]. with a standard deviation of 0'07, 
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• 	the power l•Ol are given in Figure XXV. Decomposition also 
follows the contracting plate equation and results are given in 
Tables A XIX A XXV of the appendix and plotted in Figure XXVI. 
• 	From the values'of n for the power law (Table XXIX). it is seen that 
• 	the variation 'of fraction (x) decomposed with time (t) Is virtually 
linear during the early stages of decomposition and so the 
Polanyi-Wigner.,,equation was álso applied. Values• of the rate 
• 	constants for the power law, contracIng plate law and Polanyl-Wigner 
• 	equation are given in Table XXX and the Arrhenlus plots In Figures 
XXVII and XXVI II. 	 I ' 	 •• 
TABLE XXX 
RATE CONSTANTS FOR LAWS APPLIED TO FIRST STAGE OF DECOMPOSITION 
0? SA1ARIUM CHROMATE (VI) 
Absolute 
Temp. 0K 
Power Law 	•• 
k01(mIn'01) 
Contracting Plate 
*(mtn') x lO 
Polanyl-Wigner 
()t0(mIn) 
793 1.144+0'11 0•787.+O'022 1140 + 002 
803 2•68+ 0'07 1'57 + 008 2'58 + 0•20 
816' 514 ±'025 • 	 3•13 i- O°05 4•83 + 0.39 
823 	• 7•38 + 	0'142 	•. 14•69 + 0'014 •7'78 '+ 0•20 
823 776 + 0142 14.73+ 0.014 780+ 020 
835 12'80 + O•142 	' 6•86 ~ 0.30.' 12.5+ 3•0 
8145 . , ll'OO + O•27 	.' 19•8 + 0.6 
NOTE: The rate constants tabulated. for the power law are the th 
power of the actual rate constant and the Arrhenius' equation used 
Is of the, form k" = eRT 'so that a plot of logarithm. (base 10) 
ofk" againstj is of slope - '/2303R. 
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A summary of the rate laws applid to the first stage of the 
decomposition of arihydrous samarium chroinate (VI) the range of 
tenperature and of fraction (x) decomposed over which each was 
found to hp].d and the calculated activation energies are given In 
Table XXXI. 	S 
YABLE XXXI 
SUMMARY OF KINETIC RESUJTS FOR FIRST STAGE OF DECOMPOSITION OF 





Range of x Activation Energy.  
E(K.ca]/mole) 
jc =(kt) 1 ' 01 520 	'62 0054 X4 0'5 .68+ 7 
520-572 ;0 x098 66+6 
Polanyi-Wlgner 520 	572 For t = o 68 + L 
The fraction (x) decomposed. - time (t) data for the second 
stage of the isothermal decomposition of samarium chromate (VI) is 
given In Tables A XXVI - A XXXI of. the appendix and plotted in 
Figure XXIX. The acceleratory period of the decomposition follows 
a power .  law [x = (kt)'] and values of n are given in Table XXXII. 
TABLE XXXII 
VALUES OF n FOR SECOND STAGE OF. DECOMPOSITION OF SAMARIUM 
CHROATE (VI) 
Temperature °C 	 n 
670 	 1'15 + 0'15 
• 	684 	. 	 • S •1'30+0'27 
690. :. 	 . 	 . 	118 	0'15 	S 
700 	 1'20 + O•ll 
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The mean value of n is 1 '20 with a standard deviation of 0 '060 
The poWer law plots of, fraction' (x) decmposed against time (t) to 
the power '1 '20 are given in Figure XXX. The decay stage of the 
decomposition follows the contracting sphere equation and these 
results are given in Tables A XXVI - A XXXI of the appendix and 
plotted in Figure XXXI. The rate constants for each rate law 
applied to the decomposition are given in Table XXXIII and the 
Arrhenlus plots' in Figure XXXII.. 
TABLE XXXIII 
RATE CONSTANTS FOR LAWS APPLIED TO SFCOND STAGE OF DECOMPOSITION 
OF SAMARItTh CHROMATE .(vi) 
Absolue * 	Power Lw 	, 	. Contracting Sphere 
Temp. °K k1 ' 20 (min' 20 ) x 1011 (min) x 10 
943 ' 59 28 4, . 0"2'0 
957 . 13'25 + 0'59. : 	l'6l + 0.09 
963 2006 + 0o79 	' 2421 + 010 
.973' 326 + 0'3 365 + 0'16 
.983 ' 	58'5 + 2e5 4'88 + 0'35 
993 . 	-. , 	8.00 + 0 •'3 5 
A summary, of the rate laws applied to the second., stage of the 
decomposition of samarium chromate (vi), the range of temperature 
and of fraction (x) decomposed over which each law holds and the 
calculated activation energies is given in Table XXXIV. 
1tT1'AAY 
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3W1ti1ARY OF KINETIC DATA FOR SECOND STAGE OF DECO1POSITION 
OF SAMARIW CHROMATE (vi) 
Rate Range of Range of x Activation 
Lac? °cTemp 
670-720 92+7 
kt = [1_(1...x )h131 68L&.. 720 0.3 . 	x< 0'98 82 + 12 
The fz'&ction (z) decoznosod time (t)date for the first 
stage of the decomposition of anhyd.rous lanthanum chromate (VI) is 
given in TablésA XXXII A XXXVIII of the appendiz'snd plotted in 
Figure XXXIII, The aeceleratoz'y stago of the decomposition 
follows apower law [x = (kt)') and values of U are given in 
Pablo XXXV. 
LXXV 
VALULS OF n FOR FIRST STAGE OF DICOPOSITION OF LANTHANUW 
• 	• 	 CHROWTi (vi) 
Temperature 0C 	n 
580 1 0 33 0.17 
590 	1•33 0•U 
• 1 32 . 0• 13 
600 	1. 'L.0 
622 	 1.33 0'09 
620 •. 1•31+ 0°09 
The moan value of n Is 1'34 with a standard deviation of 0 0 03. 
• The power law plots of fraction (x) decomposed against time (t) to 
FIG. XXXDF 
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the power l34 are given• in Figure XXXIV. The Prout-Tompkins 
equation, the contracting sphere equation ,and the contracting plate 
equation were also found to apply to the decomposition and these 
results are given in Tables A XXXII - A XXXVIII of the appendix and 
plotted inFigures XXXV XXXVII. The rate constants for each law 
applied are given In Table XXXVI and the Arrhenius plots in 
Figures XXXVIII and XXXIX. 
TABLE XXXVI 
RATE CONSTANTS. FOR LAWS APPJ4ED TO FIRST STAGE OF DECOMPOSITION 








. 	 . 
Contracting 
sphere 
(min) a 3 
Contracting. 
plate 
(mIn) x lO a 
653 206 	0.15  
863 3'14 + O'16 5.50 + 04 08  
867 6'98 	0.10 ' 7.50 +'O'55 2•'65 + 0'14 3 4 16 + 0.07 
873. ll•Li.O + 030 21 4 4 + 0•7 3.97.+ 0.10 •. 4•7O + O•OLi. 
885 24•7 + 0.7 21•8 + 2•8 7.25+ 0.25 8'31 + 0.29 
895 45'5 + 0.8 	' 27.0 +1.6. 9.20 + 0.17 '1126 + 0•20 
903 95'O + 3 4 6 52.0+ l•O 168 ± 0'2 19.2 ± 0'2 
A summary of the, rate laws applied to the first stage of the Isothermal 
decomposition of anhydrous 1anthanun 'chromate (vi), the range of 
fraction (x) decomposed and temperature' over which each law holds and 
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TABLE XXXVII 
SULIMARY OF KINEI?IC DATA FOR FIRST STAGE OF DECOMPOSITION OF 





Range of x Activation Iiergy 
F(K.ca)/mole) 
x=(kt) 1034 580.o 630 0x.'0°5 90+7 
iog=kt 590-63002$x0'98 83 	9 
kt = [l-(lx)J 594 -. 630 O'Li. . 	x .< 0.97 77 + 8 
kt = [l-(].-x)) 594 	630 0'4 	x 	0.97. 78+. 5 
The fraction (x) decomposed - time (t) data for the second 
stage of the isothermal decomposition of ].anthanum chromate (vi) is 
given in Tables 'A XXXIX A XLVII of the appendix and plotted in 
Figure XL. The acceleratbry stage of the decomposition rollows a 
•.pôwex law. [x (kt)'] and values 'of n are given in Table XXXVIII. 
TABLE XXXVIII 
VALUES OF ri FOR SECOD STAGE 'OF DECOMPOSITION OF LANTHANUM 
CHROMATE (vi) 
Tenmerature. °C I'' 
'l'58 +0.28 
l•53+.O•31 
1•63 ± 0•20 
l•6L+0•2l 
180 + O•22 
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The mean value of n is 163 with a standard deviation of 0.09. 
The rather large porbablè errors in the values of n arise because 
the power law Is valid for, a comparatively small range of fraction 
(x) decomposed. The power law'plots' of fraction (x)decomposed 
against time (t) to the power 1063 are given in Figure XLI0 The 
decay stage of the decomposition follows the first, order rate law 
and these results. are given In Tables .A XXXIX A XLVII of the 
appendix and plotted in Figure XLII0 The rate constants for the 
power law and the first order law are given In Table XXXIX and the 
Arrhenius plots In Figure XLIII1 
Table XXXIX 
RATE CONSTANTS FOR SECOND STAGE OF DECOMPOSITION OF LANTHANUM 
CHROMATE (vi) 
Absolute 	Power Law 	 First Order 
Temp. °K k1'63(min'63) x 10 	k (minhl) x lO 
903 	 5.20 + 1•2 	 8.57 + 0.52 
914 13'1 ,± 2.2 18.2± l'l 
924 	 25'2 + 2•0 . 	 28',9 
925 26•4 ± 26 31•O ± 2•4 
933': 	42.5 	23 	•. 	403+ 3'2 
945 118 ± 3'0 
953 	 119±3 
966 , 	168+3 
974 	' 	.• 	' 	. . 213 	14 
A summary of the rate laws applied to the second stage of the 
dec ompo si 1ion of lanthanum chromate (VI), the range of fraction (x) 
decomposed and temperature over which each law holds and the 
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SUMtARYOF itrnrIc DATA FOR SECOND STAGE OF DECOMPOSITION OF 
LANTHANUM CHROMATE (VI) 
Rate Range of Range of x Activation 
Law 	 : T emp. 
E(K.cai/mole) 
x 	(kt) 63 630 	670 .0 	x 	0•2 76 + 12 
1og10() = kt 630 	701 0.1 	x < 0.85 79 1 5 
The fraction (x) decomposed time (t) data for the second 
stage of the isothermal decomposition of neodymium chromate (VI) is 
given in Tables A ThVI1I - A LVI of the appendix and plotted in 
Figure XLIV. The acceleratory stage of the decomposition follows 
a power law [x (kt)] and values of náre given inTable XLI, 
TAE 'ThI 
VALUES OF n FOR SECOND STAGE OF DECOMPOSITION OF NEODYMIUM 
CHROMAT () 
Temperature °C 	 n 
610 	 1•61 0'15 
619 	 1'78 0.10 
620 	 1'78 '+ 0•10 
632 	 1'93 0'08 
614 	 1•82 	0.10 
650 	 1•67.± O•lLi. 
The mean value of n (177) was not used In the power law- plot since. 
the 632°C isotherm gave a curve for this value of n and instead the 
individual values ofn were used... The power law-plot is given in 
1 
FIG.XLOV. 
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Figure XLV. The decay stage of the decomposition follows the 
contracting sphere and contracting plate. laws and this data is 
given In Tables A XLVIII A' LVI' of. the appendix and plotted in 
Figures XLVI. and XLVII. The rate' constants for the laws applied 
to the second stage of the decomposition of neodymium chromate (VI) 
are given In Table XLII and the Arrhenlus plots in Figure XLVIII. 
TABLE XLII 
RATE CONSTANTS FOR LAWS APPLIED TO SECOND STAGL OF DECOMPOSITION 
OF NEODYMIUM CHROMATE (VI) 
Absolute 
Temp. °K 
Power Law ., Contracting 
Sphere 	' 	. 
Contracting 
Plate k'(min")' k 
05 (Min) x lO (min) x lO 
883 6.85 2•59 + 616 - 
892 8.55 5•18 + 0'36 3•10 O'l]. 366 + 0•24 
893 . 10•50 5'82 0'47  3.22 0.05 3'78 + 0'13 
905 , 	20'9 12'4.+ 0•5 5e54 + 0•19 6•76 + 0'23 
917 66'0 17•9 + 0.9 9 462 + 0•04 10'68 + OlO 
923 184 	•. 230+'3•9 11'63 + 0e17 13'74 + 0•13 
933 	. ' - , 20.2 1.8 22'5 + 2'5 
- 	. , 28'9 1'3 ' 315 	2.9 
.955 . - - 38'8 ± 315 490 ± 3.3 
A summary of the rate laws applied to the second stage of the 
decomposition of neodymium chromate (VI), the range of fract3.on (x) 
decomposed and temperature over which' each law holds and the' 
calculated activatlon energies is given In Table XLIII. 
FIG. XLV 
CONTRACTING SPHERE LAW PLOT FOR 
SECOND STAGE OF DECOMPOSITION OF Nd2 CrO4 ) 3 
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SUMMARY OF KINETIC DATA FOR SECOND STAGE OF DECOMPOSITION OF 
NEODYMIUM cHROMATE (VI) 
Rate Range of Range of x Activation 
Law T 	° eznp. ' Energy 
E(K.ca)Jmole) 
x= (kt) 610-650 0x0•3 84+14 
t = 	 "3 J 619 - 682 0.2 	x .. 	0.98 69 + 6 
kt 
619 - 682 0 1 2 	x 	O'98 69 	6 
	
ISOTHERMAL DECOMPOSITION OF CHROMATES. (v) 	 S 
The 'frction (x) decompó sad - time (t) data for the isothermal 
decomposition of lanthanum chromate (v) is given in Tables A LVII - 
A LXVI of the appendix and is .plotted in Figure XLIX. [Note: 1Iftiere 
more than one run has been carried out at a single temperature only 
one isotherm at that temperature is shown in the corresponding 
Figures for the sake of clarity.] The 'acceleratory stage of the' 
decomposition follows a power law ,  lx = (kt)] and values of n are 
given in Table XLIV. 
• 	 TABLE XLIV 
VALUES OF n FOR DECbMi0SITION OLANTFtANUM CHROMATE (v) 
Temperature °C ' fl 
• 661 	1'79 + O'l]. 
671 1'90 + O'lO 
•671 	1.90 + O'lO 
678 1•69 + 0'06 
689 	1.60 +. 0 0 15 
• 	
5 	














FRACTION DECOMPOSED(X)-TIME(I) CURVES.. 
FOR DECOMPOSITION OF LaCrO4 
Time f (min) 
88 
The power law plots are given in Figure L. 	The decay stage of 
the decomposition follows a fixst order rate. law and this data is 
given in Tables A LVII - A LXVI of the appendix and plotted in 
Figure LI. 	The rate constants for the rate laws applied to the 
decomposition of lanthanum chroinate (v) are given in Table XLV and 
the Arrhenius plots in Figure LII. 
TABLE XLV 
RATE CONSTANTS FOR LAWS APPLIED TO DECOMPOSITION OF LANTHANUM 
CEROMATE (v) 
Absolute Power Law First Order 
Temp. 04 k(inin) x lO k9mjn) x lO k(min) x lO 
934 6'40 + O•L.6 2'29 + 0'06 
944 9.90 7.81 ± 033 3•38 	0•06 
9144 9•O0 7'142 	033 3•59 	0.06 
951 45'0 lO'47 j 0.67 5'23 t 0'70 
962 111 l423 t 1 4 05 7'91 + 0°40 
973 268 24 4 7 	2.0 14'14 + O•lO 
983 20'3 ± 0L$ 
991 24'8 + 0'5 
1003 34'6 	2'0 
1029 82.9 	10.0 
A summary of the rate laws applied to the decomposition of 
lanthanum chromate (v), the range of fraction (x) decomposed and. 
temperature over which each law holds and the calculated activation 
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SUMMARY OF KINETIC DATA FOR DECOMPOSITION OF LANTHANUM 
CHROMATE (v) 
Rate Law Range of Range of x Activation 
Temp.: OC Energy 
E(K ,cal/mole) 
661.700 0x40•3 75+13 
log10 = kt 661 - 756 0'2 	x 	097 73 	6 
The fraction (x) decomposed - time (t) data for the isothermal 
decomposition of neodymium chroniate (v) is given in Tables A LXVII - 
A LXXVI of the appendix and plotted in Figure LIII. The 
acceleratory stage of the decomposition,follows a power law 
[x = (kt)'9 and values of n ai'egiven in Table XLVII. 
TABLE XI4VII 
VALUES OF n FOR DECOMPOSITION OF NEODYMIUM CHROMATE (v) 
Tènrnerature 0c 
601 O•lO l'L4 t 
611 1'28 + 0.08 
618 l•30 t. O°l0 
620 l'33 0•10 
630 133 ± O'lO 
630 1 0 30 0•10 
638 130 0 0 13 
The mean value of n is 1'33 with a standard deviation of 0.05. 
The power law plots of traction (x) decomposed against time (t) to 
the power 1.33 are given in Figure LIV. The decay stage of the 
FG.LH 
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POWER LAW PLOTS FOR DECOMPOSITION OF NdCrOA 





decomposition follows a first order law and this data is given in, 
Tables A LXVII - A LXXVI of the appendix and plotted in Figi.ire LV. 
The rate constants for each rate law applied to the decomposition 
of neoymiuni chroniate. .(v) are given in TableXLVIII and the 
Arrhenius plots in Figire LVI. 	" 
TABLE XLVIII 
RATE CONSTANTS FOR LAWS APPLIED TO DECOMPOSITION OF NEODYMIUM 
C}JROMATE(V) 
Absolute Power Law 	' First Oxder 
Temp. °K k 33(min' 33 ) x 10 k(min) x 103 
874 6"83±' 02 2.79 + 0'20 
• 	•881 • 8'92 1 083 	•' 3075 + 0.11 
• 	891 	' 12'20+ ,070 4'50 + 0.03 
893 18.3+ 0 '7 • 5'43 + 0.09 
903 23.9 	2'5 	• 	
0 
•• 6•91.± O'OLL 
903 25'2 t 2.7 6'94 ± O•04 
911 	• • 43'0 t 33 	S 9•92 ±'013 
923 	' 	 • 	14'62 	0.10 
933 	0.8 
943 	 31'0 ± 3•6 
A summary of the rate laws applied to the decomposition of 
neodymium chromate (v), the range of fraction (x) decomposed and 
temperature over which each law holds and the calculated activation 
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06 	108 	1•10 	1•12 	1•1 
• 	 91 
• 	 .' TABLE XLIX 
SUMMARY OF KINETIC DATA FOR' DECOMPOSITION OF SAMARIUM 
• 	 CHROMATE (v) 	' 	'• 
Rate Law Iange of Range of x Activation 
0 emp. Energy E(K.ca]Jmo1e) 
x=(kt) 11 . 601-638 0x0'3 60+10 
log 	kt' 601 	670 02 4 x 4 0'92 59 4 6 
The fraction (x) decomposed - time (t) data for the isothermal 
decomposition of samarium chrozñte (v) is given in Tables A LXXVII - 
A LXXXV of the appendix and plotted in Figure. LVII." The 
accelèratory stage of the decomposition follows a power law and 
values of flare given'in Table L. 
' 	 . 	$ 
TABLEL 	.• 	. 
VALUES OF n FOR DECOMPOSITION OF SAMARIUM CHROMATE (v) 








The power law plots of fraction "(x) decomposed against. time (t) 
to the povier n are given in Figure LVIII. The decay stage of the 
decomposition follows contracting plate kinetics and this data is 
given in Tab1es A LXXVII .- ALXXXV of the appendix and plotted in 
2•21 ± 0015 
2e04 ± .0'09, 
1.83 .± 008 
1.70± 0'lO 
. 0•lO 
1067 9.07 	• 












FRACTION DECOMPOSED(x)-TJME( [)CURVES 
FOR DECOMPOSiTION OF 5mCrO 
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92 
Figure LIX. The rate constants for the laws applied to the 
decomposition of samarium chromate (v) is given in Table LI and the 
Arrhenius plots in Figure LX. 
.TABLELI 	. 	. 




. 	Power Law .. Contracting 
x 10 k'(m1n) x 1O5 k(min) x 103 *(rn1n) 
923 1•149 6'53 ± 0•4.8 3'17 	0'17 
935 8919 9.92 ± 078 	. 5.78 0.32 
9Li.5 30.1 1.109 100 679 s- 0•34 
• 91'3 15'1 . 1•2 10'12 ± 0•52 
953 969 . 157 ± 1'2 980 + 0'64 
963 182 21'0 ± 1.8 14'00 ± 071 
973 363 . 31.8 ± 1•6 18 4 4 + 1.0 
983 - - 25'9 	1•3 
993 ..... '• . 38.8±21 
A summary of the rate laws applied to the 4ecomposition of 
samarium chroniate ('i), the range of fraction (x) decomposed and 
temperature over which. each law holds and the calculated activation 
	
energies is given in Table LII. 	. 4. 
TABLE 	..; 	.• 
SUMMARY OF KINETIC DATA FOR DECOMPOSITION OF. SAMARIUM 
CHROMATE(V) . 
Rate Law 	. Range of Range of x Activation 




z =. (kt) 	. 650 - 700 O 	x 4 0.3 55 ±. 9 
= [i-(i-xI) . 650 • 720. 0•2 .4 x , 	0'85 63 	6 • 
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ARRHEMUS PLOTS FOR DECOMPOSITION OF SmCrO4 
93. 
PHYSICAL MEASUREMENTS ON DECOMPOSED SAMPLES OF CHROMATES (VI) AD (v) 
Xu.ry diffraction patterns, infrared absorption spectra and 
magnetic susceptibility measurements were taken of all chromates (VI) 
and. (V), partially and completely decomposed samples of the 
chromates (VI) and (v) and of the individual decomposition products 
and the results are given below. 
dl spacings for partially and completely decomposed samples of 
anhydrous magnesium chroznate (VI) are given in Tables A LXXXVI and 
A LXXXVII of the appendix. Table A LXXXVI gives the d spacings 
for a series of samples decomposed at 620°C to eliminate any effect 
of decomposition temperature and.for. which the fraction (x) 
decomposed is 0.01, O'lOO, 0.260 9 0'500, 0.750 and 100 respectively. 
A few lines in the patterns of t1e partially decomposed samples 
cannot be attributed to either reactant (MgCrO) or products 
(MgCr20 + MgO) but these are weak and appear in one, or at the most 
two samples, and so are of little significance. The exception is 
the line at d = 2'217 which persists from x= 001 to x = 0•500 but 
this may well be a reactant line since it appears at x 0.01. 
Table A LXXXVII gives dA spacings (from powder photographs) of 
samples of magnesium chromate (vi) decomposed at different 
temperatures and all lines are due to either magnesium chromate 
(ill). or magnesium chromate (III).. No.magnesium oxide lines could 
be detected in any of the partially or fully decomposed samples 
although this is one of the decomposition products. 
2 MgCr% 	D. MgO + MgCr2O + 3/2 02 
Samples Of magnesium chroinate (VI) were decomposed and heated at 
selected temperatures for various timeis to find out at which 
temperature the decomposition product had to be heated before 
914. 
magnesium oxide could be detected in the iesidue by X-ray 
diffraction. The. results are. given in Table LIII, for the 
' range including the strongest magnesium oxide line'. 
TABLE LIII 
X-RAY DIFFRACTION MEASUREMITS ON FULLY DECOMPOSED SAMPLES 
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Line 
Ascribed to Heating Temp. 
C . 
700 .2'502 2:502 . 2449 2'502 MgCr2O 































Intensities are given in brackets. 
Even after prolonged heating at 7000C there was no evidence of the 
strongest magnesium oxide line and 'it may be. that at such temperatures 
the magnesium oxide cannot exsolve sufficiently from the magnesium 
chromate (iii) , (spine].) lattice to form crystallites large enough to 
95 
give an X-ray diffraction pattern. At higher temperatures the 
magnesium oxide may exsolve from the spinel lattice. sufficiently 
to give an X-ray diffraction pattern. This might ;also ela1n why 
• 
	
	acidextraction does not remove all of tbemagnesium oxide from some 
fully decomposed samples.of magnesium chromate (vi). •Henrich(195Li.) 
• has extracted all of the magnesium oxide from a ftlly decomposed 
sample of the chromate (vi) but unfortunately does• not state the 
temperature at which the sample was decomposed nor the time for which 
it was heated. 
Infrared absorption spectra were measured of a number of 
partially and completely decomposed samples of magnesium chromate 
(VI) and the absorption maxima (cm) are given in'Tables A LXXXVIII 
and A LXXXIX. All features in the spectra of the fully decomposed 
samples can be attributed to magnesium chroinate (III) and all 
features in the spectra Of partially decomposed samples are due to 
either magnesium ch.romate (vi) and magnesium chromate (III). 
Magnetic susceptibility measurements were made on a number of 
partially and completely decomposed samples of magnesium chromate 
(VI) and the results are given in Table LIV along with the measured 
percentage decomposition (measured by weight loss) for each sample. 
TABLE LIV, 









- % Decomp. 
600 • 	 •4.68 22.6 24•3 
600 	• 5•46 26'4 27•1 
610 • • • 	 11.97 56•1 53•9 
610 	• • 	 13.98 64'7 63'4 
620 lG'lLi.. 73'6 71.2. 
622 • 	 1745 78.3 75.1 
650 23'79 103 100 
96 
From the measured susceptibilities of reaètant and products, the 
percentage decomposition of each sample was calculated as follows. 
2MgCx'014 	>1J1gCr0 + MgO + 3/2 02 
If a fraction (x) of the chromate decomposes then 






• 	 7( •(1.....______ mixture 	 x 
(Mgcr%) 
where2( j is the magnetic susceptibility of component I of molecular 
weight M1 . Measured susceptibilities are: ,2K Mr% = 0'246;. 
• 	,2(MgCr201 	27i 91;, 119 0 413(ahi x 
106).  The measured 
percentgec:decomposea is in good agreement with that calculated as 
detailed above indiàating that susceptibilities of reactant and 
products are additive. A plot of magnetic Susceptibility against 
percentage decomposition (Figure LXI) shows that the amount of 
oxygen evolved is proportional, to the number of electrons transferred 
to the chromium. 
0 
dA spacings are given in Table A XC for samples of silver 
chromate (VI) partially and completely decomposed at 600 °C and fox' 
which the fraction (x) decomposed is 0.02 9 0•100, 0'250, 0 4 505, 
0•750 and 1°00 respectively. Alllines in the fully decomposed 
sample can be attributed to silver chromate (III) and in the 
partIally decomposed. samples all linös can be attributed to reactant 
and products. 
• Infrared absorption spectra'were measured on the series of 
samples of silver chpomte (VI) partially and comp].etely decomposed 
Fl G. L X 	
- 
VARIATION OF MAGNETIC SUSCEPTIBILITY WITH 
PERCENTAGE DECOMPOSITION OF MqCrOd AND AaCrOA 
IC 
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97 
at620°C and the absorptionmaxjma (cm) are given in Table 
A XCI of the appendix. This data could only be used to show the. 
presence or absence of silver . chromate (vi) since the nujol mull 
spectrum of silver chrornate (III) shows no features. This leaves 
to be explained the features at 66ô and 535 cm In the spectrum of 
fully decomposed silver chromate (VI) and also in some of the 
partially decomposed samples. 
Magnetic suscertibilitiesofanurnberof partially and 
completely decomposed samples of silver chromate (VI) and these are 
given in Table LV along with; the percentage deôomposition (measured 
by weight '1088) of each sample. The percentage decomposition of 
each sample was also calculated from the measured susceptibilities 
of sample, ractant and products using the following formula. 
>Ag2C152% + 2Ag + 202 
If a fraction (x) of silver chromate (vi) decomposes: 
(M(g c 0'.)  
(lX)2<Ag2Cr0 + 2M(Agcr%),),XAg2cr204 +(211 _______ 
x ) .IX mixture 2M  • 	 \ 	(A92cr%) 
wher,X i  is the susceptibility of component i of molecular weight 
Measured susceptibilities are:  
XA92 Cro 4 
' = 0'107; 
Ag2Cr2 0 = 19.88; •X. 	- O•085 '(all x 10u16 ) / 
• 	 TABLELV 









590 2'07 18.4 17•2 
590 2•73 23 4 9 2207 
600 2•54 22'2 22•4 
600 4 40 07 36•3 3600 
600 5.66 '490 48•4 
610 651 514 1-4' 53.7 
610 8•67.' 70.1 6804 
620 10•64 85'3 84'4 
6140 12•15 	• 96•2 95.1' 
6140 12•87 101 100 
The percentage decomposilion as calculated by the above formula 
agrees very well with the measured value for each sample and a plot 
of magnetic susceptibility against percentage decomposition 
(Figure LXI) shows that the amount of oxygen evolved in the 
decompositiOn Of silver chromate (VI), is proportional to the number. 
of electrons transferred to the chx'omiujñ. 'S  
dA spacings are given in Tables A XCII and A XCIII of the 
appendix for a number of samples of. anhydrous saniàriuni chroxnáte 
(VI) partially and completely decomposed with respect to the first 
stage of the decàmpositlon. Table A XCII gives dX spacings for a 
éerles of 'samarium chromate (vi,) samples decOmposed at 5800C and 
for which the fraction (x) decomposed is 001 0 O'•lO0, 0•260, 0'500, 
MOO rM 
0.750 and 1•00 respectively.; . Table A XCIII gives dA spacings for 
a series of samarium chromate (VI) samples decomposed at different 
temperatures. All lines for fully decomposed samples can be 
ascribed to. samarium chromate (v) and chrorni n (iii) oxide and all 
lines for partially decomposed. samples can be ascribed to either 
reactant or products except for a few weak lines appearing. in one 
or two samples so that little significance can be attached to them, 
dA spacings are given in Tables A XCVI and A XCVII of the 
• appendix for a numbez of . samples of samarium chromate partially and 
completely decomposed with respec.t to the 'second stage of the 
decomposition. Table A XCVI gives aX spacings for a series of 
samples decomposed at 7200C and for which the fraction (x) 
decomposed is 0.01, 0l00, 0.250, 0.511, 0 755 and l'OO respectively, 
Table A Xcvii gives aX spacings for samples decomposed at different 
temperatures. All 'lines for the completely decomposed samples can 
be ascribed to samarium chromate (III) and chromium (III) oxide 
• 	except for one weak line (d= 2571) In Table A XCVII and all lines 
• 	for partially decomposed samples can be ascribed to reactant or 
• 	products. 	 . . 	. 	. 
• . Infrared absorption spectra were measured of a number of 
partially. and completely decomposed samples for the first stage of 
the decomposition of samarium chromate (VI) and the absorption 
• . maxima (cm) are given in Tables A XCIII and A XCIV of the appendix. 
Table A XCIII gives the data for samples decomposed at580 °C and 
Table XCIV that for samples decompo sed at different temperatures. 
All features for completely decomposed samples can be ascrIbed to 
samarium chromate (v) and chromium (iii) Oxide [Marshall, Mitra, 
• Gielisse, Plendl and Manaur(1965)J and all features for partially 
• 	 •. 	
ioo 
decomposed samples can be ascribed to reactant and products, 
• Absorption maxima (cm) are given in Tables A XCVIII and A XCIX 
of the 'appendix for samples of Samarium chromate (vi) partially and 
completely decomosed with respeàt to the second stage of 
decomposition. Table A XCVIII gives the data'for samples decomposed 
at 72000 and Table A XCIX that for samples decomposed at different 
temperatures. AU features for completely decomposed samples can 
be ascribed to samarium chroniate (1.11) and all features in the 
partially decomposed samples can be ascribed to reactant or products. 
The magnetic susceptibilities for partially and completely 
decomposed safliples for the first stage of the decomposition of 
samarium chronzate (VI) are given in Table LVI, aleng With the 
measured percentage dcompostion. The percentage decompositiOn 
of each sample was calculated from the kovi susceptibilitIes of 
sample, reactant and products using the following formula 
(illustrated for the general case). R = lanthanidè Ion 
R2(CrOLI)3 	. 	2RC04, + : 015Cr203 + 1 0 2502 
If a fraction(x) of the chromate (VI) decomposes 
(21M RCrO' 	 0'5M . 
(1X)7R(C) + 	 )RCrO + R2(Cr0)3 	Cr2O3 
• 	
. 
 ) X =  E  l 25M(0) 	. 	 . R2(CrOLL )3. /X mixture  
• 	where 	'is the susceptibility of component I of molecular weight Mi. 
?leasured values of susceptibility are:,XSm(CpO) = 328; 
• 	SnCrO 	8o9 	12O3 
• 2325 (all x lo6). 
10]. 
TABLE LVI 
MAGNETIC SUSCEPTIBILITIES OF DEC0MPOS]D SAMPLES OF SAMARIUM 









512 4'18. 14s8 143 
520 5•22 •3145 34-8 
530 698 59'1 60•7 
543 8.93 8807 91•9 
550 9167 99•6 100 
562 958 96•8 100 
The percentage decomposition as calculated by the above formula 
agrees very well with the measured value for each sample and a plot 
of magnetic susceptibility against percentage decomposition (Figure 
LXII) shows that the amount 'of oxygen evolved in the decomposition 
is proportional to the number of electrons transferred to the 
chromium., 'The magnetic Susceptibiijtjes 'for partially and 
completelydecomposed samples for thesecond stage of the decomposition 
of. samarium chroniate (VI) are given in Table LVII along with the 
meásui'ed percentage dócoposition (measured by weight loss) for each 
sample. The percentagedecomposjtjon was also calculated from the', 
knovi susceptibilities of sample, reactant and products using the 
following formula, 
2RCrV0 +O5 Cr203 	- 2RCrIUO3 + 0'5Cp2O3 +' 0 

















VARIATION OF MAGNETIC SUSCEPTIBILITY WITH 
PERCENTAGE DECOMPOSITION OF 5m2(Cr04) 3 
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0s5N(c o 	 (RCr0 ) 
(x) RC 	
+ 	(ncrO:))/203 	(RCr0) 	RCr9 
( 
N 	 O'5M 
21 (RCr1O) 	2M(RcJ ,,,1 
where/ is the susceptibility of component i of molecular weight 
Mm and measured susceptibilities are: 	 = ' 9; 
7( cr2o3 = 23.25; ,7(SmCpO3 =]44eJ. (all lo-6. 
TABLE. LVII 
MAGNETIC SUSCEPTIBILITIES OF DECOMPOSED SAMPLES OF SAMARIUM 
CHROMT.E (vi) (SECOND STAGE) 
Decoxnpô 
Temp. 	C. 
Magnetic 	 6 Susceptibility x 10 
Calculated 
. 	% Decomp. 
Measured 
% Decomp. 
600 962 , . 	0 0 
660' 10.84 21.1 20.2 
670 ' 	11.59  35'2 
684 13'83 736 73'1 
690 I4'07. 	.' 77.7 	
5 . 	
, 	848 
720  962 100 
The percentage decomposition as calculated by. the above formula' 
agrees well with the measured value for each sample and a plot of 
measured susceptibility against peroentage docompoition (Figure 
LXII) shows that the amount of oxygen evolved in decomposition is 
proportional to the number of electrons transferred to the chromium. 
d& spacings are given in Tables A C and A CI of the appendix 
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for samples of lanthanum chromate (VI) partially and completely 
decomposed with respect to the first stage of decomposition. 
Table A C gives the data for a Series of samples decomposed at 
5900C and for which the fraction (x) decomposed Is 0•01 0'102 
0°252, 014.78 0•750 and 100 respectively. All lines for the 
fully decomposed samples Can be ascribed to lanthanum chromate (v) 
and chromium (III) oxide except for two weak lines (d= 5 •Li4 and 
d.='4•82). Some lineth for the 1% decomposed sample do not appear 
in the pattern of lanthanum chromate (VI) but these could well 
arise because of increased crystallisation on heating to 590 0C and 
be due to the chromate. (VI), No. áatiafactory explanation can be 
given for, the line (d = 4'82) appearing for x = 0'Li87 x = 0'750 
and x .= 1'00 	Tables A CIV and A CV of the appendix give dA 
spac1néfor samples of lanthanum chromate (VI) partially and 
completely decomposed with' respect to the second stage of 
decomposition. Table A CIV gives the data for samples decomposed 
at 6500C and Table A CV that for samples decomposed at different 
temperatures. All lines for the fully decomposed samples can be 
ascribed to lanthanum chroxnate (III), or chromium (iii) oxide and 
all lines for partially decomposed samples can be ascribed to 
reactant or products except for one or two weak lines appearing in' 
only one or two samples so that little s1ifi'cance can be attached 
tothem.  
Infrared absorption maxima (cin') are given in Tables A CII 
and A CIII of the appendix for samples of lanthnum chromáte (VI) 
partially and completely decomposed with' respect to the first stage 
of decomposition. Table A CII gives the data for' samples decomposed 
at 5900C and Table A CIII that for. samples decomposed at different 
loz. 
temperature So All features for completely decomposed samples can 
bef ascribed to lanthanum chromate (v) and chromIum (III) oxide and 
all features for partially decomposed samples can be ascribed to 
reactant or products. Infrared absorptIon, maxima (cm) are given 
in' Tables A, ,CVId A CVII of the appendix fór samples of lanthanum 
chromate (VI) partially and completely decomposed with respect to 
the second stage of the decomposition. Table A CVI gives the data 
for samp1s decompose4 at 6500C and Table A CVII that for, samples 
decomposed at different temperaturs. All features for completely 
decomposed samples can be ascribed to lanthanum chromate (iii) and 
chromium. (III) oxide andall features for partially decomposed 
samples can be ascribed to reactant and products. 
Magnetic susceptibilities werce measured of some samples of 
lanthanum chromate (VI) partially and completely decomposed with 
respect to the first stage of the decomposition and these are given 
in Table LVIII along with the percentage decomposition (measured by 
weight loss) for each sample0.. The percentage decomposition for each 
• , sample was calculated using the formula given on 'page 100and the 
biown susceptibl]J.ties.of semple D reactant and products which are: 
,7(La2Cr0)3 	0•202;. ,?(LaCr% 	520; ,7(.r23 = 23•25 (all 
x 10 6').. 	, • 	
S 	 I ' , 	,", 
Agreement between measured and calculated percentage decompOsition 
for each sample is not very good except' in the last two' samples but 
a plot of susceptibility against measured' percentage'decomposltjon 
(Figure LXIII) indicates that' the amount of oxygen evolved on 
decomposition is proportional to the number. of 'electrons transferred 
to the chromium, Measured magnetic susceptibilities for samples of 
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TABLE LVIII. 
MAGNETIC SUSCEPTIBILITIES FOR' DECOMPOSED SA[IPL$ OF LANRANUM 
- 	CHROMATE (vi) (FIRST STAGE) 
Decomp. 
Temp. °C. 





572 ., 	0.52 4'5 . 	85 
590 O.84 	. 9.3 10'2 
590 1'56 	 . . 	19•6 25'2 
580 2'20 28•6 4'0 
590 3•48 '. 	 46•3 47•8 
620 741 	. 	. . 	. 99 100 
lanthanum clwomatè.(VI) partially and completely decomposed with 
respect to the second stage of decomposition 'are given in Table LIX 
along .with.tbe measured percentage decomposition of each sample. 
The prcentage decomposition of each sample was also calculated 
using the formula given on page 103/102, and the knovi 
susceptibilities of reactant, product and chromkum (III) oxide which 
are: 2( 'LaCrO, = 5'20; ,2K'LaCrO3 = 	2('cro3 = 23•25 
(all at 10 6 ). 
There is no agreement at all between calculated and measured 
perôentage decomposition for each sample and a plot of measured 
susceptibility against measured percentage decomposition (Figure 
LXIII) shows a ratherrandom variation of susceptibility with 
'percentage decomposition. 	 ' 
FIG. LXOIIQ 
VARIATION OF MAGNETIC SUSCEPTIBILITY WITH 
PERCENTAGE DECOMPOSITION OF La2 (Cr04)3 AND Nd2(Cr04)3 
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TABLE LIX 
MAGNETIC SUSCEPTIBILITIES FOR DECOMPOSED SAMPLES OF LANTHANUM 
CHROMATE (vi) (SEcoND STAGE) 
Decomp.. 
Temp, 0C. 





630 9.83 96•7 30.8 
652 9.49 83.0 	: 	' 50.8 
640 10 1 .48 >100 57.9 
62 11'27 	' 	' >100 7744 
660 11.86 >100 ' 	85.9 
651 11'44 >100 100 
672 11•04 >100 100 
dX spacings are given in Table A CVIII of the appendix for 
samples of neodymium chXomate (VI) partially and completely 
decomposed (at 6200C) with respect to the second stage of 
decomposition and for which the fraction' (x) decomposed is o•oa, 
0.1000 0•2509 O'500, 0.750 and 100;respectively. 	Except for two 
weak lines at d = 343 and d = 2•227 0, al]. lines for the fully 
decomposed sample can be ascribed to neodymium chromate (III) or 
chromium (III) oxide. With the 'oxcéptlon'of a few weak lines 
appearing in one or two samples, all lines for the partially 
decomposed samples can be ascribed to reactant or products. The 
lines at d. = 2392 and d = 2049 observed up to x= 0 1 25 have still 
to be accounted for. From the cell dimensj.ons for neodymium 
chrómate (v) it. was calculated that d = 2•408 is the 022 reflection 
and d =. 2048 is' the 013 reflection (see Table A CVIII of the 
appendix) so that, the above lines may also be ascribed to neodymium 
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chromate (v)... 
Table A CIX of the appendix gives the positions of the 
infrared absorption maxima of samples of neodtmium chromate (VI) 
partially and comp],etély decomposed (at 620°C) with respect to the 
second stage of the decomposition. All bands for the completely 
decomposed sample oan be ascribed to neodrmium chromate (III) and no 
band can be unambiguously assigned to chromium (iii) oxide.. Al],. 
bands for the parttally decomposedsamples can be ascribed to. 
reactant or products. 
Measured magnetic. susceptibilities for samples of neo6ymium 
chromate (vi) partially and completely decomposed with respect to 
the second stage of the decomposition are given in. Table LX along 
with the measured percentage decomposition for each sample. The 
percentage deComposition of each sample was also calculated using 
the foriula given on page 103/102 and the 1aown susceptibilities 
of reactant, product and chromium (III) oxide which are: 
2~NdCV'0 4 24-~ -13; ?icro3. 	'33 2(cro3 = 23°25. 
TABLE LX 
MAGNETIC SUSCEPTIBILITIES FOR DECOMPOSED SAMPLES OF NE0DMIUM 









600 22.91 <.0 . 	 0 
620 .23 438 . 	 <. 	0 . 1•0 
620 24'20 	. . 	4•0 10.0 
620 24•88 	. 14'7 25'0 
620 2670 406 . 	 50•0 
626 27•60 59.0 75.0 
.620 29.53. 89•3 100 
° Kirkpatrick (1966) 
I.. 
Agreement between calculated and measured percentage decomposition 
for each sample isvory poor. A plot of measured susceptibility 
against measured percentage decomposition (Figure LXIII)' Indicates 
that susceptibility is proportIonal to percentage decomposition 
although there is a fairly wide' scatter of points about the line. 
di spacings are given in Tables A CX and A CXI of the appendix 
for partially and completely decomposed samples.of lanthanum 
chroinaté (v) o Table A CX gives the data for samples decomposed at 
6700C and for which the fraction (x) decomposed is 0.01, 0•096, 
0.247, 0a505, 0•750 and l'OO respectively. Table A CXI gives the 
data for samples partially and,completely decomposed at different 
temperaturesa 'All, lines for the'completely decomposed sa1es can 
be ascribed to lanthanum' I chromate (III) and all lines for partially 
decomposed samples can be ascribed to reactant or products except 
for a few weak lines occurring in only one or two samples so that 
little significance canbe attached to them.  
Tables A CXII and A CXIII of the appendix give the infrared 
absorption maxima (cm) for partially and completely decomposed 
'samples of lanthanum chromate (V). Table A. CXII gives the data 
for samples decomposed at 670°C 'and Table A CXIII that for samples 
decomposed at different temperatures. All features for the 
completely decomposed samples can be ascribed to lanthanum chromate 
(III) and all features for partially decomposed samplesoan be 
ascribed to reactant or product. 	1 
Measured magnetic susceptibilities for partially and completely 
decomposed samples of lanthanum chroma4e (v) are given iii Table LXI 
along with the' measure4 percentage decomposition for each sample. 
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The percentage decomposition f6reach sample was also calculated 
from the fo].lowi±ig formula and the knoi susceptibilities of 
reactant and product wh 	 aC ich are: N LXIO = 5.20; 2 LaCrO3 
2RCP% 	> 2RCrO3 + 02 	R = 1antban.de ion 
If a fractibri of the chrórnate (v) :decompo 
Mo Ad(RCrO 	 0 
(1 2(RCp0) /mixture 
TABLE LXI 










670 5148 	V 11'6 9'6 
670 5 4 95. V V 	 30'4 24-7 






V 	692 V V 67•7 50•5 
660 8.01 V 	>100 67'7 	V 
670 7'96 >100 75.0 
670 8.16 V 	 >100. 82•2 
678 	V 8•29 >100 90.3 
680 8•12 	V >100 92'4 
670 V 	 S. 3] 
V 	 >100 V 	100 	V V 
689 8•22 	V 
V 
100 V 
Agreement between calculated and observed susceptibilities for each 
sample is poor and a plot of measured susceptibility against 
measured percentage decomposition (Figure LXIV) shows a rather. 
irregular variation of one with the. other. 	V 
















• 	VARIATION OF MAGNETIC SUSCEPTIBILITY WITH 
PERCENTAGE DECOMPOSITION OF' CHROMATES(V) 
'6 ' 	7• 	3/". 
'i0x7(/g (LaCrO,) 	' 
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appendix for partially and completely decomposed sanp].es of.. 
neodymium chromate (v). Table A OXV gives the data for sail'es 
decomposed at 630 0Candfor which the fraction (x) decompOsed ia. 
0'01 0 0,100, 0•252 9 0•522 9 0•754 and 1 4 00 respectively. . Table 
A CXVI gives the data for samples déconipo sed. at different teiiperatures. 
Al). lines for the completely. decomposed samples are ascribed to 
neodymium chromate (11,1); the 344 line is actually the 11]. 
reflection which wa not observed in the diffractithi pattern of 
neodymium chromate (III) [Kirkpatrick (1966)), All lines for the 
partially decomposed samples canbe ascribed to reactant or product. 
Infrared absorption maxima (cm) are given in Tables A cxvi 
and A CXVII of the appendix for partially and completely decomposed 
samples of neo&ymium cxiromate (v). Table A CXVI gives the data for 
samples decompose t 630°C and Table . CXVII that for samples 
decomposed at different temperatures:, All features for the 
completely decomposed samples can be acribed to neodynhitin chromate 
(III) and all features for the partially decomposed samples can be 
ascrIbed to reactant or product. 
Measured maènetic susceptibilities for some partially and 
completely decomposed samples Cf neodymium chromate (v) are given 
in Table LXII along with the measured percentage decomposition for 
each sample. The percentage decomposItion foz each sample was also 
calculated using the formula on page. 109 and the 1own 
• 	susceptibilities of reactant and product which are: NdCrO= 24'13; 
2  NdCrO3 = 3133 [Kirkpatrick (1966)] (all at 106). 
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TABIE LXII 









630 24'71 8.5 1.0 
630 24'.76 9'3 10.0 
630 	.. 26•30 31'5, 25•0 
630 2781 52'7 52.2 
620 28•65 614.3 7108 
630 28.96 68 4 5. 75•2 
618 2965 •77•9 ; 	865 
611 2949 	. .. 	75.7 906 
630 	: 30.36 . . . 87.3 9214 
620 . 30•.66. 	. ., 	91.3 96.Ii. 
630 30.514 	'•. •. 89.7 100 
Agreement between calculated and measured percentage 
decompositiOn for each sample is generally rather poor. A plot 
of measured susceptibility against measured percentage decomposition 
(Figure LXII/) indicates that the change in susceptibility is 
proportional to percentage decOmpositIon althottgh there is a fair 
scatter of points about the line, 
0 
dA spacings are given in Table A CXVIII of the appendix for 
samples of samarium chromate (v) partially and completely decomposed 
at 6700C and for which the fraction (x) decomposed is 0.01, 0•100 9 
0'260, 0•509, 0'755 and l'OO respectively. All lines for the 
completely decomposed sample can be ascribed to samarium chromate 
(III) and all lines for the partially decomposed samples can be 
ascribed to reactant or product except for two weak lines (3•22 and 
319 for x = 0.509) to which little significance can be attached. 
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Infrared absorption maxima, (cm) are given in Table A.  CXIX 
of the appendix for samples of.samariumclwomate (V) partially and 
completely decomposed at 6700C. All features for the completely 
decomposed ample can be aacr1be. to samarium chrornate (III) and 
all. features for , the partially decomposed samples can be ascribed 
to reactant or product. 
Measured magnetic susceptibilities for some partially and 
completely decomposed samples ot samarium cix'omate (v) are given in 
Table, LXIII along with the measured percentage decomposition for 
each sample. Thepercentage decomposition for each sample was also 
calculated using the formula given on page 109 and the known 
susceptibilities of reactant and product which are: 
2( SmCrO 	8.09; ,7SniCrO3' lL14 (all xi0 6 ). 
TABLE LXIII 










67O 8•69 10•0 10.0 
670 10014 	. 33.8 26•2 
670 12•014 6.O 50.9 
670 1365 88•6 75•5 
670 . 	15•44 . 	115 100.0 
Agreement between calct1ated and measured percentage 
decomposition is poor. A plot of measured susceptibility against 
measured percentage decomposition (Figure 'LXIV) indicates that the 
change in susceptibility is proportional to percentage decomposition 
of the sample. 	S 
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DISCUSSION 
The kintic results obtained for the thermal decomposition of 
• the chrornates (VI) and (v) are 'discuéeed wIth a view to proposing 
a mechanism for the actIvatiOn processes In the decomposition. 
Considering firstly the decomposition of anhydrous magnesium 
chroniate (VI) and the first stage of the decomposition of lanthanum 
and samarium chrornates (Vi) it is seen that for lanthanum chromate 
(VI) there is an initial acceleratory period (follotving the law 
x= (kt)" with n = i.34) and fOr aániariuni chromaté (VI) the initial 
period is only slightly acceleratory (n 1.01). In each case the 
acceleratory period is followed by a continuous deceleratory period 
and for magnesium chromate (VI) decompOsItion is déce].eratory 
throughout and all d.ecy .stagesfoUoti contracting envelope ldfletics. 
This would indicate that decomposition commences with the formatIon 
of a product layer on the surraoe of the reactant particles followed 
by progression of the reactant/product.interface into the particles. 
That this is so however could not be proved here sinóe the particles 
were too small to permit normal microscopic examination of the way 
in which decomposition was proceeding. The acceleratory periods 
observed for the lanthanidé chromates (Vi) may then correspond to 
initial decomposition leading to the setting.up of this reactant/ 
product interface. For samarium chomate (VI), since n 4 1 9 initial 
growth of decomposition would be linear. Yankwich and Zavitasnos 
(1964) explained fractional powers of n in the range 1-2 found in 
the decomposition of zinc oxalate as being due to more than One 
nucleatiOn-growth process occurring during the acceleratory phase. 
Such an explanation might be afforded for the value of n = 1°34 
11L4.. 
obtained for the acceleratory stage of the decomposition of 
lanthanum 'chroniate (VI). 
V?here the rate of decomposition was linear during the early 
stages of,decornposition as ws found for mageaium.chromate (VI) 
and samarium chromate (vI) 9 the Polanyi-Wigner equation was aplted 
in the foxn used by BxItton,', Gregg and Wirsox (1952): 
- = N e 	- 7'N 	WRT dt 
where: N = number of molecules of substance per cm2 of the interface; 
lattiôe vibration frequency; '7' = sum of Ionic radii; 	. 
M= molecular weight; Nt =.Avogadx!o's number;/ = density 
(g cm 3 ); dtl= rate 6f.dperease of number of molecules in reaction 
interface (mole cm 2sec). Using a density of 5°0 g cil' 3 and 
taking an average particle as a 5Oi. cube and using. measured values of 
dx 
dt and E, the mean values of 	were calculated as 2•8 x 10
18  for 
samarium chrornate (vi) . and l'l x 1018  for magnesIum chromate (VI) 
and are correct to one or two powers of tei as compared with 
'nbrma].' values Of Ca. 1012   1013 . According to Garner. (1955) 
however there is, as yet, no adequate explanation for such high 
values of (values as high as;1028 have been,recorded). 
The mechanism proposed for the decomposition of the chromates 
(VI) studied is that the activation process is a single electron, 
transfer from coordinated oxygen to chromium within the chroinate 
(VI) group, The activation energy for this electron transfer process 
is measured by the energy of the t1 . .2e charge transfer band of 
the chroinate (VI) spectrum (for details see discussion of Section I), 
In Table LXIV thermal activation energies for the decay stage of the 
decomposition of magnesium, lanthanum and samarium chrornates (VI) 
I 
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are compared with the energies of. the first charge transf \er band 
in the spectra of the c9rresponding.chromates (VI), 
TABLE LXIV 
COMPARISON OF THERMAL ACTIVATION AND CHARGE TAN$FER EERGIES. 
FOR CHROATES (vi)  
Compound 	S Acvatioz1Enerr fbi' 	Eérr'of t1 	o 2e 
Decay Period (cui) Transition (cm) 
MgCr% 	 27,600 ± 1 9 400 	 279000, 
La2(Cr0)3 	26 9 900 2,800 26,700 
8m2(Cr%) 3 	23100 2 0 100 	 23000 
The agx'eement, within, the uncertainty limits of the activation 
energies, is' strong' evIdence that the activation proçéss is a one-
electron transfer from oxygen to chromium (VI). The effect of this 
is 'to reduce the oxidation state of chromium from +6 to +5. This 
raises the question as to why some chromatés (Vi) e.g. those atuaied 
here decompose around 500-7000C whereas some other chxvaates (VI) 
e .g. those of the alkali and alkaline earth metals are much more  
thermally stable. From the mechanism proposed it might be expected 
that all chromates (VI) would decompose around the same temperature 
since the position of the t1 --- 2e chargé transfer band will not 
vary much in position from 	ne chromate (VI) to another. The 
explanation may be atruôtural since the chrornates (VI)' of known 
structure may be divided Into two broad classes; (a) those having 
metal Ions of low polarising power, eig. alkali méta1e calcium, 
strontium, barium and lead where the anions are separated from one 
another by the large cations; (b) those In which the metal ions are 
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more hih1y polarising and where the anions are not kept so far 
apart, e0g. those chromates (VI) having the .CrVO structure where 
there are rows of M06 oched.ra (M = divalent metal ion) 1inkd by 
rows of chrømate (VI) tetrahedra [Brandt (1943)]. In chromatea 
(VI) belonging to class (b) the activation process can be 
transmitted along the rows of chromate (vi) tetrahedra to the 
surface whore decomposition takes plaôe but in chromates (VI) of 
trpe (a) structure the activation process although It occurs as 
readily, cannot be propagated bçcause the chromate (VI) tetrahedra 
are isolated from one aiother. As'd.iscussed in Section I, strong 
anion-anion coupling, necessary for propagation of the activation 
process, is to be expected in chromates belonging toclass (b) and 
may result in the infrared spectrum being inconsistent with that 
from an isolated tetrahedra1 unit. Thus the infrared spectrum, 
in indicating whether or not anion-anion coupling takes place in 
a particular chromato, may also indicate whether or not the 
activation process can be transmitted to the Surface with consequent 
decomposition. Evidence for this occurs in the case of the 
].anthsnide chromátes (VI) studied here, and which are of unlaiown 
structure; the infrared spectrum indicates anion-anion coupling 
and the agreement between thermal activation and charge transfer 
energies (Table LXIV ) indicates that the charge transfer process is 
the activation step which requires anion-anion coupling for its 
propagation. 
Considering the second stage of the decomposition of lanthanum, 
neodymitun and samariuzn.chromates (vi), it is seen that for each there 
is an initial acceleratory period following a power law (x = (kt)'): 
for lanthanum n = 1.63; for neodymium n = 1•61.to 1.93; for 
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Samarium n = i'200 ' These vi1ues of n Indicate that more than 
one nucleation-growth process is taking place in the initial 
period of decomposition. For each decomposition' the'acceleratory 
period was followed by a contInuous,' deceleratory period which 
followed first order (lanthanum) or contracting envelope (neoajmium 
and samarium) kinetics0 The thermal activation energies for the' 
decay period of the second Stage of the deComposition of lanthanum, 
neodymium and samarium chromatés (VI) 'are compared in Table LXV 
with the energies of the first charge transfer band inthe spectra 
of' the corresponding chromate (v). 	' 
TABLE LXV 
CO5PARISON OF CHARGE TRANSFER AND THERItAL ACTIVATION ENERGIES 
FOR LANTHANIDE CHROMATES (vi) (sEdoND STAGE) 
Compoin. ' Activation Energy for 
Decay Period (l) 
Energy of 
t1 - 2e 
Tran1tion 
(cm') 
2LaCx'0+ 	Cr2O3 27,600 	10800 25,640 
2Nd.Cr0 	+ jCr2O3 '• 	2li,100 ± 2,100  25,000 
2SmCr0 	+ 	Cr203 	' 28,200 	Li., 200 2Li.,500 
The near agreement, within the uncertainty limIts of the 
activation energies, is strong evidence that the activation stop is 
a one-electron transfer from oxygen to chromium (v) within the 
chromate (v)' group. For propagation of this activation process 
anion-anion coupling between the chromate (v) groups is necessary 
and this matter has already been discussed in Section I. 
The results obtained for, the decomposition of lanthanum, 
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neodymium and samarium chromátes (v) are now discussed. For each 
chrouiate (v) there is an initial áccéleratoryperiod following a 
power law (x = (kt)') with n 160 to l•90 fo± lanthanum; 
n , 1033 for neodrm1uin and n 1'63 to 2 4 21 for samarium. These 
values ofn indicate that more than one nucleation-growth process is 
taking place duiing the acce].eratory period. In each case the 
acceleratory period is 10] lO*ed by a period of cOntinuously 
decreasing rate which follows first order (lanthanum and neodyiniui) 
or contractingplate (samai'lum) kinetics. The therrial activation 
energies for the decay stage of the decomposition Of lanth3anum, 
neodymIum and samarium chroniates (v) 'are compared in Table LXVI 
with the energies of the fiPst charge transfer band in the spectra 
of the corresponding chromates (v). 
TABLE IXVI 
COMPARISON OF ThERMAL ACTIVATION AND CHARGE TRANSFER JERGIES 
FOR LANTHANIDE CHROMATES (v) 
Compound 	 ActivatiOn Energyf for 	Energy of t - 2e 
Dbcay Period (cm) Transition (cil) 
LaCrO14 25,500 	2,100 25,6140 
NdCx'014 20,600 + 2,100 214,500 
SmCx14 22,000 ± 2,100 25,000 
Agreement, within uncertainty limits of the activation 
energies, only occurs for lanthanum chromate (V) indicating that 
only for this compound is single electron transfer from oxygen to 
chromium (v) the likely activation process. For neodymium and 
samarium chromates (v) some process other than electron transfer 
119 
must be the activation process but one cannot say from this study 
just what this rate-determining step is. 
Comparison o,f ,the results obtained for neodymium and samarium 
chromates (v) with .'hose  for thesecond stage of the, decomposition 
of neodymium and samarium chroinates (VI) may provide some useful 
Information. Although for the second Stage of the decomposition 
of neodymium an. samr1um. chomates (VI) one is. concerned with 
decomposition of the corresponding chroinates (v), the chromium 
(III) oxide present, and produced during the first stage of the 
decomposItion, may play an important part in deciding which step 
In the',deCOMPOBitibh lathe activation process. As resuts for 
the decomposition of neodytniumsnd samarium chromates (v) indicate 
(Table LXVI ), some step other than electron transfer is the 
ikel, activation proés bt in thø Second stage of the 
decomposition of the corresponding chromates (VI) this step may 
Well be catalysed by the chromium (UI) oxide present to such an 
extent that the electron transfer process becomes the activation step. 
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• 	 S 	 TABLEAI 
dA SPACGS FOR MA(ESIUM CHROMATE (VI) 
MgCr%.5H20 Anhydrous MgCr% 
Measured Literature Measured LiteratureS 
mt. ' 	 d mt. d, mt d mt 
5'99 18 5.93 54 8 
5'87 . 	 7 • 3•78 20 
5'72 7 5•73 25 • 	 3'53 8 
522 11 5•25 33 3•33 100 
4'98 100 4'97 	• 100 3'16 11 3'19 10 
4e40 • 	 13 4•41 33 3005 10' 
Lo6 9 4 904 21, . • 2'77 .51 
3 72 . 	 50 	: •7I' . 2 •6o 100 
3'55 31 	• . 	 • 2.52 21 
.3•47 • 	 8 3•469 20 .' 	 . 2'48 64 
3.35 8 	• 3•378 3 . 2'29 17 
3'22 16 3•215 33 20158 35 
• 3•11 9 3.112. 55 2•090 30 
S 3•097 33, • 	 . 2.074 21 
2.979 33 2'976 65 
. 	 . 
1'984 38 
1'722 11 
(a) Paxmetier, Courtine and Perrouclin (1965). 
A powder photograph of MgCrO gave no lines. 
TABLE All 
• 	 •.  SPACINGS FOR SILVER CHROMATE (vi) 
Measured Literature 
S ample  





.• 506. 8 
5'Ol 9 14.95 10 4'98. . 5 .97 4 
1p12 14. 
• 	 14.08 8 IpOG 8' 4•04 8 4'04 11 
3•8Li 
3.51 2 3'49 4 3 . 49 3 3'48 5 
• 3'14 100 
3'02 35 
2.92 30 
• 2'85 30 
2858 • 	100. 2.858 100 2.858 100 2'814.9 98 
.2-841 71 2832 76 2'832 97 2•832 100 
2•763 . 	 30 2'75l 43 2.754 '.. 	48  2'746 63 
2•652 10. .2•6144 11 2'644 12 2•637 11 2'65 30 
2447 30. 
2•3]. • 6. 
2.287 ' 	10 2.287 11 2.281 11 2,•276 13 
• 	
. 2.23 8 
2•]4 .. 	6 
2.•07 6'. 
2.117. 3 , • 	 . • , 	 , , 
• 	 • 	2•041 • 	 .16 2•014 15 2'036 20 2'032 17 
1•994 14 1.990 14 1'990., 18 1•986 20 
Literature:.- • A.S.T.M. 1-0782 • 	 . . . 
TABLE A III 
dA SPACINGS FOR LANTHANUM CHROMATE (VI) 




Measured LiteraturE . 	 Measured Measured 
d 	Lit d I 	mt d 	mt 





Lp82 	13 N I 	N 6'56 	90 
4•67 	20 




4•29 	15 3•65 50 
3.99 	.. 9, ., 	S . 	 , •3'57 	5 . 
• 	3.87 7 ' 	 . 	 S 3.09 	100 
3'63 	5 . . 2 0 894 	30 






2•698 	10 . 
2•667 	15 
2•652 	17  
TLE AX 




eastzred Lit Measured Measured 
d 	mt d d mt mt 
8 4 84 	100 6'36 	' 35 
328 6 N N N 5'37 	82 
5•22 	18 0 !4.50 140 
N N N 
5'16 	16 E 50 
12 3'5. 	100 
4.50 	25 3Q14 	61 
14.17 	14 2 4 814.1 61 
393 6 2683 






dh SPACINGS F01 LANTHANUM CHROMATE V 
Measured Literature 
d 	tnt d mt 
4.33.; 	20 
15 




3•18 	100 3'21 V.5. 
3.07 	18 3'l]. m 
2950 	82 2q98 
2'7111. 	25 2•711. in 
2'535 	24 2•56 in 
2.217 	25 2•24 M.  
2'176 	19 2.19 
2°041 	20 202 in 
20002 	40 1'98 M.  
1'937 	30 1 4 95 in 
1'918 24 1q93 in 
1'838 	24 1.85 in 
Literature'- 	Schwarz (1963) 
TABLE AVI 
dA SPACINGS FOR NEODYMIUM CHROMATh V 
Measured Calculated 
d mt h k 	1 d 
4'8O 28 0 1 	1 
3•65 	100 0 2 	0 3655 
2'903 10 1 2 	1 2•911 
2'714 70 1 1 	2 2'722 
2•578 18 2 2 	0 2•585 
o 2 	2 2•408 
2*276 18 0 3 	1 2'277 
O 1 	3 2'048 
1'933 12 3 2 	1 1•932 
1•873 52 3 1 	2 1•874 
1'824 18 0 L 	0 1•827 
Reference:- Bertaut, Buisson and Mareschal (1964) 
TABLE AVI I 
0 
dA SPACINGS FOR SAMARIUM CHROMATE V 
Measured 	 Calculated 
	
Int 	 h k 1. 	d. 
4.77 	21 	 0. 1 ) 	4.77 
363 	100 	 0 2 0 	3625 
2894 	9 	 1 2 1 	2'888 
2706 73 . 	 2 1 1 2•700 
2•564 19 2 2, 0 2•564 
2•392 2 0 2 2 2'388 
2°260 16 . 	 Q .3 • 1 2259. 
2'032 10 0 1 3 2'032 
1.91 U 3. 2 1 	. 1916. 
1'859 59 3 1 2 1'859 
• 	
1.810 • L 0 1.812 
• 	 . 
. 	 ., . 	 • 	




1'621 9 L 2 0 1•621 
Reference: Bertut, Buisson and Mareachal (1964) • 
TABLE A VIII 
0. 
dA SPACINGS FOR MAGNESIUM. CHROMATE III 
Measured Literature 
d Lit 	: d mt. 
480 : 	 80 4.736 
2950 20 	., . 2'933, M. 
2'515, 100 2'501, V.8.. 
2411 8 . 	 2'395 	.. vw. 
• 	 2•083 • 	 51 • 2.073 	• S . 
1'903 vw. 
1•695 W 
1•605 Li]. 1°594 S 
• 	 .. 	1L.75 55. • . 1'165 	• V.8. 
Reference:- 	1-lolgerston (1930) 
TABLE AIX 
• 	 • 
 
dA SPACINGS FOR SILVER CHROMATE III 
Measured .• • Literature 
mt •d mt 
• 	6'15 	20 	• • 
6'07 	•. 	•0 • • 
3'08 	60 • • 
3.06 	60 3064. 60 
2'5Li2 	32 2'557 30 
2'475 	100 2'487 1001 .  
2•243 	58 2•252 50 
2'049 	8 2'047 	1 10 
1'845 5 1845 5 
1•716 	50 1•718 90 
1536 	5 1'536 30 
1•501 	31 1'500 50 
1•495 29 1•491 60 
Ref'erence.- 	Hahn and DeLorent (1957) 
TABLE A 
• 	 0 
• . . 	. dA SPACINGS FOR LANTHANUM CHROMATE III 
	
Measured 	 Calculated 
• 	
:: • 1 	• 	• 
• 	 d 	• mt d 	 . d 
14.01493 




• • • 2•745 
2•730 100 • • 	 2•739 2'739 
• 	 • 2•598 
23147 
2•233 	• 18 	• °' • •• 	S 	 • • 	 2.3142 
• 
• 	 2• 236 	• 2"237 









• 	 1'786 
• 	 • 	 • . ' • 	 • 	
.: 	 • : 	 '1'780 
1•7146 
- 	 - 	 • 
• 1-743 S.. 
1•728 	. 9 , • 1'732 	• • 	 1'734 
• 1•700 
• 	 .., 	 . 	 • 	
• 1•691 
• 	 . 	 . • 1•590 
• 5 1•586 
1'580 37 • • ' 	 1•581 	•. • 1•582 
References:-.. For0 Ruggleroand'Ferro (1955) 
• 	 . 	
• For D16  Schneider, Roth and Waring (1961) 
TABLE AXI 
dA SPACINGS FOR SAIt1ARIUM CHIMATE (III) 





d. mt d mt d d 
Li.•Li.68 
3.83 28 3'84 15 3•843 
381. 3'824 
3'43 12 3.43 1 15. . 3-434 
3'lLt.O 
2'746 18 2'75 25 2•750 
2.706 100 2 1711 
268 100 2•695 2.685 
• 2615 3O. 
2'578 9 2"593 '20 2 . 588 
2•332 
2'312 
2'285 5 2'302 
2•233 11 2•227 10 2'233 
2'191 13 •2'200 2'204 
2lL.6 10. 




1•914 28 1'912 30 i•906 1.913 
•1•870 
1.859 10 • 1.855 20 1.864 




1709; 10 1701 10 . 1.703 
1•689 14 1'692 20 • 1.693 
• • • 
l'682 
1578 • 	1]. • • 	 • .1•582 
• 	ReferenceS:- for 0 1 :- Ruggiero and Ferro (1955) 
• 
• 	for'D:- Sbbneider, Roth and Waring (1961) 
• 	Literature:- A.S.T.M. 8 - 169. 
• TABLE AXIl S 
• RESULTS FOR DEC0MPQITION OF MTHYDROUS 	S 
MAGNESIUM CHROMATE '(VI) AT 600 0C 
Time 
. 
Fraction L0910 _L 
t(Mln..) Decompose.d  ' 	 1 
S 	
0 0 ' 	 :o 
' 	
o 	 S 
10.. 0007. 0•003 0'002 
20 	• 0018 .' 	,. 	0008 0'006 
30 0.028 0012 0•010 
40 0.039 0017 0.013 
'iO 0.050 0'022 0.017 
60 0•061 • 	 00027 0•023. 
70. .0'073 O032 	• ' . 	 0.025 
80 0•084 • 	 ' 	 0.038 ' 0'029 
90 .0•095 00 1 1.3 0.033 
100 	• ' 	 0106 . 	 99 	' : 	0'037 
.110 0116 	• , 	 0054 O.014.O 
120 0'125 0°058 0'014t 
130 	• 0'135 	• • 	 0063 , 	 0'047' 	' 
S.., 140 0'16 
•• 
. 0069 Q"05] 
150 0•156 .0074 	
. . 	
0'055 
'.160 • 0'164 • 	 0•078 ': 0'058 • 
170 0'173 0.083 • 	 0.061 . 
180 0'1814. . 0.088 . 	 0.065 
190 0•193 	. " 	 0•693 0.069. 
200 0',201 0.099 ,. 	 .... .0'073. 
210 0'212 0.104 0'076 
220 
•" 	
0•222 	• , 	 0'109 	'', 0.080 
• TABLE.A XIII 
• ESULTS FOR DECOMPOSITION OF ANHYDROUS 
MAGNESIUM CHMATE (vi) AT 610°C 
Time Fraction Log t (Miii.) Decomposed (x) 	i.x 
0 0 10 .  o 
10 0.035 0.015 0.012 
• 	20 0.071 • 	 QO32 	• • 	 0'024 
30 0104 • 	 •0048 0.036. 
40 	• 0'136 Q•063 0•048 
50 0•164 0078 0.058 
60 0°193 0.084 0.069 
70 0.221 • 	 0'109 0'080 
CO • 	 0'250 0.125 0.091 
90 0277 . 	 0141 0•103 
100 0303 • 	 0.157 0•113 
110 0323 0.169 0•122 
•120 	. 0'349 oi86 	••, •. 	 0.133 
• 	130 0•373 Ô'203 0•144 
ILiIJ 0'397 0o220 0.155 
150 0'420 • 	 0237 0•166 
160 09442 0.253 0.177 
170 0.462 • 	 0269 	• • 	 0'187 
180 O•Lj.83 0.287 • 	 0.197 
• 	190 0.503 	• 0°3014 0.208 
200 0.525 0323 • • 	 0'220 
210 0'54 • 	 0•341 0•230 
220 0•563 • 	 0.359 0'241 
TABLE A XIV 
RESULTS FOR DECOMPOSITION' OF ANHYDROUS 





L 	'• og 
0 O' .o 0 
10 0.039 0017 '0.013 
20 0088 0040 0030 
30 O124 	' ' 	 , O057 ' 	 0°OL4 
40 0•162 0.077 0•057 
'•50 0198 	:' 	' 0!096. ' 	 0.071 
60 0236 ,O117 0.086 
70 0•266 0'134 0•099 
0297• 	' O153 ' 	 O11),. 
90 ' 0.328 	' Q;173 
1. 
, 	 0.12L. 
100 ' 	 0362 ' 	' ,O195 ' 	 0•136 
• 	110 0'•393 	' O'217 ' , 	 0153 
120 0424 0240 0.168 
130 0L.52 	• 	, 0'261 ' 	 ' 	0.181 
340 0'480 0w284 0•196 
150 0.508 	, 	' 0.308 : 	 0'210 
160 0'534 0332 022Li. 
110 ' • 	 • 	O56O 	, b357 ' 02L.1 
180 '0583 	' •. 0380 :, 	0255 
190 0610 0'1409 0.268 
200 	' O633 	' , 0'435. , 	 0.287 
210 	, 0•655 ' 	' 062 • O'30], 
220 •, 	0678 	, 0492. •. 	0315 
• TAIE A XV, 
RESULTS FOR DECOMPOSITION OF ANHYDROUS 







0 	'. '''0  
10 0.051 0°023 0•017 
20 0.097 .0°Q4 0•033 
30 0146 0,069 	• 0•052 
LO 0•186 0•089 0•066 
50 0.225 011]. 0.081 
60 0.265. . 	 0.134 	• 0.098 
70 0.305 0.158 0'111 
80 0337 0'178 0.128 
90 • 0.371 • 	 • 0'261 ' 	 • 0'143 
• 	100 	.. 04403 	• .• 	 0224 	• .. 	 •. 	 0.158 
• 	
• 	 110 0432 
• 
•• 0'246 0172 
120 0•462 0•269 0187 
130 O.489 0'292 0'200 
• 	
• 	 140 0•516 • 	• . 	 0'315 0215 
• 	 • 	150 0 9 514 	• . 	 ' 	 0338 • 	 •Q229 
160 99556 0.363 0'243 
170 0.589 0•386 0.257 
• 	180 0.612 	• • 	 0.411 • 	 • 	0,270 	• 
1 90 O•636 . 0L39 0286  
200 o•661 O'L.70 0'303 
210 0•682 O'498 0.317 
220' 	. • 	 0'702 0526 0'332 
TABLE A XVI 
RESULTS OF DECOMPOSITION OF .ANHYDROUS 
MAGNESIUM CrmOMATE (VI) AT 635°C 
Time 
t 	(Iin.) 
. 	 ,Fraction 
Decomposed (x) L 	 . og10  1x 
0 0 0 0 
• 
	
10 	• 0•088 0.0140 0.030 
.20. 0.175 0°0814 0.062. 
30 0 4 258 0.130 0.095 
140 	
. °° 	: 0'1714 0.125 
50 . 	 0.395 0.218 	. 0.1514 
60 01450 	" 0 4 260 00181 
70 0•506 0•306 0.210 
80 0.556 	•. 0353: 0.237. 
90 0'6014 , . 001402 	• 0'266 
100 0'649 0.1455  
110 	• • 	 0•688 	. O•506 0'322 
120 0•721 0 . 5514 0.3147 
130 0.7514 	• '' .: 0.609 	• 0373 	• 
140 . 	 0.787 •, 0-672. • 0'1403 
150. 0. 817 	•.. 	,. 	 •.' 0738 	• 09432 
160 0'8146 0813 0 4 14614 
170 O•867 	•• 0.876 	. 0'489 
180  • 	 0.890 • 0°959 0°521 	. 
190 0.907 1'032 0'5147 
200 0 9214 1'119 0'576 
.210 • . 	 • 	 0'938 	. 1.208 	
• 	 :. 	 • 
0.604 	• 
220 	. 0•9514 1.337 ' 	 .• 0.618 
TABLE AXU 
• 	 RESULTS FOR" DECOMPOSITION OF MI-IYDROUS 




Decomposed (x) L 	
1 g  t3 
.0 .0 . 	 0 0 
10 0•130 0•060 0•0145 
20 02149 0'124 O•091 
30 0.3148 	' . O'186 0'133 
140 0 '14143 ' O•2514 	' .• 	 '0'177 
50 '' 	 0525 	. 0•323 0220. 
60 O603' 	' 0.1401 0'265 
70 0.675' . 'O'1488 ' 0.312  
07144 0.592 	' 0365 
90 0'806 0!712 0421 
100' 	. 0.855 00839 	. ' 	 0.1475 
110 0.900 • , 1.000 . 0.536 
120 0' 933 	•. 1.3.714. 0 4 5914 
• 	 130 	' • 	 . O:.959 1.387 	. 0.655'. 
140 04977 	• 1.638 	• ' 0•716 
150 00 988 1.921 0•771 
160 0.994 20222 . 0.818 
• 	 ' 	 • 	
170 	' ' 	 0.998 	• '2.699 0.8714 
180 • 	 0•999 • 3.000 	• O•900 
190 	,' "1000 	', 	'', ' 	 ' 	 ' 	 ' 	 • 'l•OOO, 
TABLE A XVIII 
RESULTS BOR DECOMPOSITION OF ANHYDROUS 




Decomposed; (x) Lo g10 1-x, 
' d o. 
5 0 4 223 0.110 0.081 
10 0 9 414 0'232 0'163 
is: 0.573 0'370 Oa2Ll,7 
20 O697 0'519 0.328 
25 0799 O•697 0•414 
30' 0 . 873 0.896 0.497 
40 Qo959' 1.387 655 
50 O98L 1.796 0•748 
60 0'988 1 . 921 0•771 
76 0.989 1.959 0.778 
80 0.989 1.959 0.778 
90 0e990 2O00 .0.785 
100 0 6 992 2•097 	., 0.80 
110 0.993 2'155 0.809 
120 0.994 2'222 0.818 
130 0e995 2•301 0•829 
140 0.996 2•398 o.842 
.150 .' 	0•997 2'523 0'856 
160 0'998 2•699 0'874 
170 0.999 3000 0.900 
180 1.000 	' .. 1 boo 
TABLE A XIX 
FIRST STAGE OF DECOMPOSITION OF ANHYDROUS SAMARIUM 
CRROMATE (VI) AT 5200C 
Time 
t (Mm.) 
, 1'O1 Fraction 
Decomposed 
1/3 
(x) 	 - 
0 0 0 0 
10 10'2 0.027 0'013 
20 206 0•O42 0 4 021 
30 31.0 6•054  0'027 
40 0.069 0.035 
50 52.0 0 4 084 6•043 
60 62.5 0•099 0.051 
70 73'1 0•11L. 0.059 
80 83.6 0'127 0•066 
90 94•]. 0•142 O'074 
100 1014.17 0'159 0.083 
110 1153 0.173 •;0091 
120 125•9 0.189 0•100 
130 133•5 O•203 0107 
340 ]47'l 0'216 01 .  
150 157•7 0233 Ô•124 
160 168 •ti. 0•243 O•130 
170 1789 0 4 256 0t137 
180 189'6 0270 0.345 
190 200'2 0'28]. 0•152 
200 210•9 0.295 0•160 
210 221.5 0•310 0.170 
220 932•1 0•322 0 •177 
TABLE A XX 
FIRST STAGE OF DECOMPOSITION OF .ANHYDROUS SAMARIUM 
CHROMATE (vi) AT5300C 
Time i-i 	v. -. X, Fraction t 	(iin.) •'t Decomposed (x). ' 
0 0 0 0 
10 10'2 0'029 0•015 
20 20•6 0'051 	: O'026 
30 31•0 
• 
: 	 0'076 0•039 
40 14.5 0.103 0.053 
50. 52•0 . 	 0.130 0.067 
60 62.5 • 	 • 	 0.165 0'086 
70 73•]. 0'194 0•102 
80 8306 . 	 0'221 0.117 
90 9L.•1 0.253 O•136 
100 :14•7 0'282 0'153 
110 115'3 • 	0•305 0'166 
120 • 	 125.9 0•330 0181 
130 136•5 •. 	0'356 0.198 
114.7'l 0•391 0.220 
150 157•7 O'1420 0'236 
160 168'4 0'440 0•252 
170 178•9 0.469 .. 	 • 0.271 
180 189'G 0•496 0•290 
190 20002 • 	 0.519.. 	• 0'306 	 • 	• 
• 	200 	• 21019 .• 	 •• 	05Li.0 0'322. 	• • 
210 221•5 0•560 0•337 
220 	• 	• 232'1 0.585 	• 0.356 
TABLE A XX 
FIRST STAQE OF D1COM?PSXTION OF ANH'IDROUS SAMAiiUM 
OHR0ATE (vi) AT 5300C 
Time 1 o. Fraction t (iin.) • t Decomposed  I 	'' 
0 0 0 0 
10 1O2 04029 0•015 
20 20'6 0'051 0•026 
30 31•0 0'076 0.039 
40 144 5 0•103 0.033 
50 52'0 0.130 00067 
60 62°5 0.165 0•086 
70 73.1 0 1 194 0.102 
80 83'6 0221 0117 
90 94•1 0'253 0.136 
100 1047 0•282 09153 
110 115'3 0.305 0.166 
120 125•9 0•330 0.181 
130 136.5 0356 0'198 
140 1471 0•391 0'220 
150 157'7 0'420 0•238 
160 166'4 0.L4D 0•252 
170 17809 O.1i69 0 4 271 
180 189.6 0•496 0.290 
190 200'2 0 0 519 0.306 
200 210.9 0 1.540 0'322 
210 2215 0•360 0°337 
220 232'1 0.585 0•356 
TAE A XXI 
• 	 • 	 FIRST'STAGE.OF DECOMPOSITION OF ANHYDROUS 
SMAARIUM CHROMATE (vi) AT 51130C 
Time X 1.01 Fraction  
t (Mm.) t Decomposed (x) 
tO 
0 0 0 
10 10*2 0.044 O'022 
20 20•6 0.090 0'046 
30 31•O O'lLlO 0•073 
40 , 14.5. 0e194 0.102 
50 • 	 52.0 • 	 O.260 O14O 
60 62'5 0.308 0'168 
70 7311 0'364 0.202 
80 83•6 0145 0.235 
90 94•1 0°458 0•264 
100 104e7 0•503 0.295 
110 11513 01540 0 1322 
120 125•9 01579 0'351 
130 136•5 0•618 0382 
lLiO 147•1 0.656 0.143 
150 157'7 O•69Li. 0 .447 
160 16814 0 1731 0.481 
170 178.9 0•761 0'511 
180 189•6 0.787 0.538 
190 200•2 0•817 0'572 
200 210'9 0'849 0•611 
210 221.5 0•876 0•648 
220 232•1 0•902 0•687 
TABLE A XXI 
FIRST STAGE OF DECOMPOSITION OF .AHYDROUS 
SAMARIUM CHROMATE (vi) AT 5500C..  
Time 
X ' 1 01 Fraction  t (Mm.) Decomposed (x) 
01 0 0 0 
10 '10.2 	' o06 0. 032.. 
20 206 ' 0°1145 '0°075 
30 31.0 0.221 0.118 
40 14 1 5 O•295 0•160 
50 52.0 0.379 0'212 
60 62.5 6'446 0•256 
70 73'1 0'512 0.301 
80 83•6 0.570 0.344 
90 94'1 0630 0.392 
100 lOLi.'7 0•686 0•40 
110 115'3 0 0736 0 4486 
120 125•9 0.785 0.536 
130 .136i5 0.827 0.58L 
itso 
 
1171 0.671 01, 614 
150 157.7 0.907 0'695 
160 	16844 0.928 0:732 
170 178.9 0•946 0'768 
180 1896 0•956 0.790 
190 200.2 0.963 0.808 
200 2109 0.972 0 .833 
210 221.5 0.977 0•848 
220 232.1 0•981 0'862 
TAJEA XXIII 
FIRST STAGE OP DECOMPOSITION OF ANHYDROUS SAMARIUM 
CHROMATE (VI) AT 5500 C 
Time 
' t1 '01 
Fraction 
Decomposed. (x) t (Miii.) 
0 0 0 0 
10 102 0062 0.031 
20 20.6 0 •144 0.075 
30 31'O 0230 O122 
40 145 0.309 0•167 
50 52'0 0•388 0.216 
60 2'5 O L.80 O'279 
70 73']. 	, 0537 0'321 
80 83•6 0.592 0•361 
90 941 0.653 O'411 
100 1047 0708 0'460 
110 115'3 01!760 0.510 
120 1259 0'806 0'560 
130 1365 O°840 O'600 
140 1147.1 0.880 0•653 
150 157'7 0.9114 0.707 
160 16'4 0.9140 0.755 
170 178'9 0'960 O8OO 
180 1896 O'971 0830 
190 200•2 0.982 0.866 
200 210•9 0.995 0'929 
210 221'5 0'996 0;937 
220 232']. 0.998 0'955 
TAHLE A XXIV, 
FIRST STAGE OF DECOMPOSITION OF ANHYDROUS 
SAMARIUM cHROMATE (VI), AT 5620C 	,. 
Time 
X 01 Fraction  t (Mlii) t'  Deaomposed (x) 
0 0 0 0 
10 10.2 0'124 O'064 
20 20•6 O25O 0'134 
30 31.0 O•367 O'2OLi. 
40 41.5 O'474 0275 
50 52•0 0562 0•338 
60 62'5 0647 0'406 
70 73'1 O'728 O'I78 
80 83'6 0796 048 
90 9Li..1 0859 O624 
100 10147 0907 0695 
110 115.3 04 941 O°757 
120 125'9 0•96Lj. 0'810 
130 136•5 O'981 O862 
140 1471 0'991 0'905 
150 157'l 0998 0'955 
160 178•9 1 11 003 
170 178.9 1'003 - 
p 
TAE A XXV 
FIRST STAGE OF DECOMPOSITION OF AHYDR0US 
SAMARIUM CHROMATE (VI) AT 5720C 
Time 
t (Mm.) t 
Fraction 
flecomposed (x) 
0 0 0 0 
10 10e2 0u199 0 o105 
20 2O6 O'396 0-223 
30 310 0•546 O326 
40 14'5 0687 0'440 
50 52•O O8O]. 0'554 
60 62.5 0•889 O'667 
70 73'1 0•946 O768 
80 83'6 0'974 0.839 
90 941 0986 0e882 
100 1OLj.7 0.993 0'916 
110 115 .3 0996 0937 
120 125•9 0 4 998 0.955 
130 136 4 5 1'000 1'000 
140 147e1 1000 10000 
TABLE A XXVI 
SECOND STAGE OF DECOMPOSITION OF ANHYDROUS 
SAMARIUM CHROMATE (VI) AT 6700C 
• 	Time ''20 ractlon. 1() 	)1/3 X t (Mm.) t Decomposed (x) 
0 0 0 0 
10 15'9 0.010 0'003 
20 36'14 0.013 0.0014 
30 59•2 0•023 0°009 
140 83.14 0048 0.016 
50 109 00061 0.02]. 
60 136 0.078 O'027 
70 1614 0.093 0.032 
80 192 0'101 0. 035 
90 221 0.1114 0.039 
100 251 O•1314 0.0147 
110 282 0152 0.053 
120 313 0.1614 0 . 058 
130 31414 0.181 0.0614 
1140 376 0'198 0.072 
150 1409 0.215 O'078 
160 442 0'231 0.0814 
170 1475 O'251 0.091 
180 509 0•267 0'098 
190 5143 O'286 0'107 
200 577 0.303 0.113 
210 616 0.320 0•120 
220 6147 O•339 0'129 
TABLE A XXVII 
SECOND STAGE OF DECOMPOSITION OP 
.ANHYDROUS SAMARIUM CHROMATE (VI) 
',AT.68L °C 
Time. 120 'Fraction i-(i- )]/3 X  
t (kin.) t Decomposed (x) - 
0 0 0 0 
10 159 O•021 0.007 
20 364 00036 O•012 
30 992 0.059 O020 
LO 33•4 0.093 0.032 
50 109 O].. 0•O3 
60 136 O160 0.056 
70 164 0•198 0.071 
80 192 04240 0.087 
90 22]. O•282 0.105 
100 251 0'315 0119 
110 232 0•347 0°132 
120 313 0'384 0.150 
130 3L4 0L1L. O161.i. 
litO 376 04452 0183 
150 LO9 014.8L. 0198 
160 L42 0.509 0.211 
170 Li.75 0538 0w227 
180 509 O57O 0•2145 
190 543 O•599 0263 
200 577 O628 O281 
210 616 0656 04299 
220 647 0.681 0'317 
TABLE A XXVIII 
•SECOND STAGE OP DECOMPOSITION OF ANHYDROUS 
SAMARIUM .CHROMATE (vi) AT 6900c : 
Time . 1 l'20 Fraction t 	(Mm.) t Decomposed (x) 
0 0 0 0 
10 15'9 0.033 0•01]. 
20 364 O'069 0'024 
30 .9'2 0e109 	. 0.038 
14.0. 8314' O'159 . 	. O056 
50 *1 109 0.205 0.074 
60 136 0'254 0.093 
70 164 0•296 0.111 
80 192 0'352 0•135 
.221. O•1403 	.. 	. 0.158 
100 251 0.1440 0•176 
110 282 0.1486 0 4 199 
120 313 0'526 0•220 
130 3144 0•562 0.2140 
1L.0 376 0.598 0•262 
150 1409 065 0285 
160 1442 0•663 0'3014. 
170 1475 0•700 0331. 
180 09 0.7314 0.357 
190 5143 0.763 0.381 
200 577 0.7814 0.400 
210 616 0807 O•1422 
220 6147 0.830 0•1446 
TABLE A XXIX 
SECOND STAGE OF DECOMPOSITION OF PYDROUS 
SAMARIUM cHROMATE (vi) AT 700°C 
• 	 Time 1•20 Fraction  'I3 t (Mm.) t Decomposed (x) ' 
0 1 1 0 0 0 
10 15•9 0'038 0.013 
20 36'Li. 0•109 0.038 
30 59.2, 0.186 0.059 
40 83•4 0.265 0•098 
50 109 0.355 0'136 
60 136 OL30 0.171 
70 164 0•503 010 208 
80 192 0•566 0.243 
90 221, 0°626 0.280 
100 251 0•679 0•315 
110 282 0•729 0.353 
120 313 0•7614 0'382 
130 344 0.802 0.147 
340 376 0.814 0458 
150 409 0.877 0'503 
160 442 0.900 0'536 
170 475 O'921 0.570 
180 509 0'9)42 0'613 
190 543 0'952 0•637 
200 577 0969 0686 
210 616 0'981 0.733 
220 647 0•992 0.800 
TABLE A X)X 
• 	 • 	 SECOND STAGE OF DECOMPOSITION OF ANffDROUS SAMARIUM 
CHROMATE MY AT 71000 
Time Fraction 
t (Mm.) t Decomposed (x) ' 
0 0 7.0 
15'9 0.085 0'029 
20 36•4 0'217 O'078 
30 59'2 0'348 0'139 
140 834 0'466, 0.189 
50 109 0.555 0•236 
60 136 0.6140 o289 
70 164 O•708 O•337 
80 192 O768 O•385 
90 221 0'811 01426 
100 251 0•857 0.477 
110 282 0.901 01, 537 
120 313 0.927 0•582 
130 344 0.9514 0.6142 
240 376 0964 0.670 
150 1409 O'978 0•720 
160 14.42 0 . 990 0.785 
170 1473 0•995 0•829 
180 509 0•997 0•856 
190 5143 1.000 1000 
200 577 11-005 - 
• 	 •• TABLEAX)OCI 
• 	
0 
SECOND STAGE OF DECOMPOSITION OP ANHYDROUS 
SAMARIUM CHROMATE:(Vi,) AT 7200C 
Time _!1 	)]13 X 1'20 Fraction t (Mm.) t Decomposed (x) ' 
0 0 0 0 
:10 
• 	 159 • 	 • 	 0213 	•, 	• 0075 
20 3644 0'434 0'173 
30 • 59•2 0588 	• 0256 
• 	 lO 	• 83'4 0705 O'334 
50 • 	 109 0.801 	• 04,416 
• 	60 	• • 136 0.865 	• 0487 
• 70 164 • 	 O'920 0569 
.80 • 	 192 O'952 	• 0.637 
• 	 90 	• 221 • 	 • 	 0,980 	• • 0.729 
100 251 0996 0'8L1 
110 282 iOo6 - 
120 313 1•006 
TABLE AXXXII 
FIRST STAGE OF DECOMPOSITION OF ANHYDROtJS 
• LANTHANUM CHROMTE (VI) -AT 58000 0 
• 0 
1n,) j 31 i-(i-)" Decomposed (x) 
Log10 1-(1-x) 
0 0 0 0 0 0 
10 •22'0 0°006 	. -2222 0'003 0.002 
20 554. •O'011 -1.'959. 0'006 0'003 
30 9544 0'020 99 -1.6 0'011 0007 
240 1240 O•036 -1'2432 04018 0•012 
50 189 0 . 0240 -1°77 0•020 0.0124 
60 214 . 0.051: -1'268. 	• O.•025 •0•017 
70 297 0•060 -1•194 0.030 0'020 
80 355 	00 .0.071 -1•125 0'036 0.0224 
90 146 04085 -1•032 0.01424 0.029 
100 2479 0.099 -0'959 O•050 0.035 
110 5244 0.113 -0•896 0.058 0.039 
120 611 0.126 -0'8142 0.066 0.0244 
130 680 0•136 -008024 0'071 00247 
1240 751 01249 '0'757 0.078 0'053 
150 824 0'164 -0 	06 0•086 0.058 
160 899 0 4 178 0•663 0094 0.063 
170 9714 0.195 -0.616 0.103 O•070 
180 1052 0.2124 -0'5614 i 0i112 0'07 
190 1132 0'236 -0'510 0.126 0'085 
200 1212 0.2514 -0•1468 0 4 136 0.093 
210 1293 00271 -0•430 0 0 1244 0'102 
• 	 • 	
• 	 220 1375 	
• • 	 O'287. 	. Q'396 o:.155 0•109 
'.1 
TABLE A XXXIII 
• FIRST STAGE OF DECOMPOSITION OF ANHYDROUS 
• 
S LANTHANUM CHROMATE (v).AT 59000 
i-(i-xI  t"3 
Log10 
ins.) (x) 
0 0 0 .0 0 0 
10 22'0 0.011. -1•959 0.006 0.003 
• 	20 55.4 .0•017 -1.770 0.009 0.005 
• 30 ' 	 95.14. : 	0'033; -1'468 	•' 0'017 	. 0.011 
40 140 0'043 .'1.347 0.022 0'014 
50 	' 189 .0.061 -1.187 0.031 0'021 
60 214.1 . 0.076 . 	 -1•086 0.039 0'026 
70 	• • 	 297 0'092 -0.996 	• 0•045 0.032 
80 355 • 0'109 -0•914 0•056 0.038.. 
90 	• 146 . 	 • 0'123 	.. -0'854, • 0.063 0.043 
100 479 • 	 0' 114 .-0 '755 o .0714. 0 '014.9 
110 5144 0'171 .eO.686, 0.090 0'060 
120 611' '0•189 • 	 -0.633 0.100 '0.067 
.130 680 • 0.211 • 	 -0•573 0.112 0•076 
140: 	' 757 0.235 . .0'1513 	.. 0'125. 0.085 
150 824 0'253 0'1470 0'136 0.093 
• 	
• 	 160 899 0•276 . -O'149 	•. 091J49 0'102 
• 	 • 	 170 9714 0'298 0.0•373 	', 0.161 00112 
• 	 • 	 180 105 0•326' • -0•315 . 0'179 0'123 
190 	. 1132 0•360 	• .-O•214.9 	• 0.200 	• 0'138 
200 1212 • 	 0.386 , 	 -0.201 0'216 0'150 
• 	
• 	 .210 1293 	. 0'142 • 	 -0'155 	• 0.233 0'162 
• 	 220 1375 • • 	 ' 	 0.14.38 • 	 -0.108 • 0.251 0•175 
TABLE A XXXIV 
FIRST STAGE OF DECOMPOSITION OF MTIftDROUS 
LANTHANUM .CHROMATE (in) AT• 59L.?C 
Time 
t (Mm.) t 	- 
Fraction 
Decomposed -a- (x) 	g0 	_X X, 
1/3 
, 	 X, 
0 0 0 - 0 0 
10 22'0 0011 -'1'959 0.005 O'OOLi. 
20 55 , L 0•028 -1.538 0•014 0•009 
30 95'Lt. 0•065 -1•155 0.033 0-022 
10 140 0.092 -0 4 996 0'047 0 4032 
50 189 0•126 -0-842 0.065 0•0144 
60 2141 0-162 -0.7114 0-085 0.057 
70 297 0.200 -0.602 O'105 0072 
80 355 0•2142 -O'496 0.129 0.088 
90 146 0.287 -O•394 0.155 0•107 
100 1479 0-334 -O'299 0'184 0-127 
110 5144 0.386 -0.201 0.216 0 . 150 
120 611 0•432 -0.119 0-2146 0.172 
130 680 0'1.78. -O'038 0.278 0.195 
1140 757 0-520 0 - 035 0.307 0•216 
150 824 0-567 0-117 0 0 3149 0'243 
160 899 0-613 0-200 0.378 0.271 
170 974 0 4 652 0.273 0.1410 0.297 
180 1052 0-691 0.350 0.144 0'324 
190 1132 0-722 0-145 0'1473 0.3147 
200 1212 0.753 061411. 	. 0.503:. 0'372 
.210 :1293 	. 0-7814.. 0'560' . 0-535 0-1400 
220 1375 0.815 0'6Li4 0.570 0•430 
230 0.839 0.717 0.599 0-1456 
240 0•862 0-796 0.628 0.1483 
250 0.882 0-8714 0.656 0.509 
260 0.9014 0.9714 0-690 0.5142 
270 0-921 1-067 0.719 0.571 
280 . 0.932 1•137 0.739. 	. 0.592 
290 0.9143 1.219 0•761 0-615 
300 009514 1.317' 0.785 0.6142 
TABLE A XXXV 
• 
FIRST STAGE OF DEC0P0SITION OF ANHYDROUS . 	. 
S. LATHANUMCHROME(VI). AT 6900C, . 
Time j'.,' t ( min. ). t 
i_(]..x\1j3 ' 	'. •' 	•.' 	 S 
Fraction 
Decomposed'(x) Lo 	-- 1-1-x 10.1_ •.:'. 
0. ''0". . 'O•.. 
101, 22'0 0.025 -1.565 0.013 0.008 
• 	S 	
' 	 .20 . 	"55t 0063 I'174 0.032 0.021. 
• 	
,' 	
.30 : .95o4  0.111. 	'. 	 "• -O.•903 . 	.0•057 	, 0.038, 
40 140 • 	• . 	•. 
 
0'163' •' 	,-0'710 0.085, '. •0.058, ." 
• 50 189 O'224. -0.539 ' 0.119 . O081 
60 24]. 0285 • 	. '-0.'399. •0•154', •0•106. 
70 . 	. 297 .0.350 •, 0269 0'194 	', 0'134 
80 355 0.143 -0'152 023Li. 0.163 
90 146 0•475 -0'045 0'275 0.193 
100. • 479 0•543; 	. 	• 0.075 0•324. 	•. 0.230' 
110 544 0'610 '. , 0.94 • 	0365 0269 
120 611 • 	0.667 	• •0'302. 04423 0•308 
• 	. 130 680 • 0.723 • 0.147 • 0•474 	, 0'348 	• • 
• 	•' '.240: "751' • 0772 	. • 0'530 . 0522 ' 0389 
• 	• 	150' . 	82L. 	
,S 
. 	0.814.. 0.614.... " 	0.569 	, 0'29 	,. 	• 	 • 	S 
160 . 	899. 0•848." 
•" 	
• 0q46. 0'610'' 	• .0.466 • 	• 
170 974 , 	0•881.' 	. 0.869,.. 0.655 :00508 . 
:180 . 	1052 	• '' ' 	0'909 	.' 0996 , ' 	0698 	. • 0'550 
190' :' 1132 	
' . 	. 	0•927 	• i.101j. . 	0'730 	' 0'582 	• 	S 
200.' 1212 • 	0'944 	• 1°227' . 	0763 0'618. 	. . 
• 	.210 1293 • 	.0•955• 	•' 	• 1.327 0.788 	' • 0.644' 
'1375' , •. 	0961i. 	'. •1L2a '. 0.810 0.670' 	S 
TABLE A XXXVI 
FIRST STAGE OF DECOMPOSITION OF .ANHYDROUS 
LANTUANUM CHROMATE (vi) AT 6120C 
. t(Min 14 ) 	 ' 3 W. 
Log10 i-(i-x) " ]<1-x) 
0 1 0 0 0' 0 	. 
10 22'0 0'049 '-1'284 0.025 0.017 
20: .55v4 0'140. 0788 0.073 0.0149 
30 95'4 O247 ..-O'484 O'132 0•090 
40 140 0•367 -0.237 0•2014. 0•114i 
50 189 0.1488 -0.021 0'2814. 0.200 
60 241 0•613 .0.200 0378 	. 0.271 
70 297 00718 0406 0•14.69 0'34  
80 355 0.812 0.635 0566 0•14.27 
90 146 0.877 0.853 0•649 0•503 
100 09 0.919 	'.' 1.061 0.715. 0.567 
110 51414. 0.953 1.307 0.783 0•639 
120 611 O•978 1'648 0.852 0'720 
130 680 0'993 2•1143 O•916 0.809 
1140 751 1.001 - - 
TABLE A XXXVII 
FIRST STAGE OF DECOMPOSITION OF .A11YDROUS 
ITHANUM CHROIATE (VI): AT 6200C 
• 	
' 1n) t'' ed(x) LOg 	T:x].-(1.-x), 
0 0 0 - 0 0 
10 220 0.093 —0.987 0'048 0.032 
20 55•L 02514. -O•L.68 0e136 0.093 
30 9'L. 0L.36 Oc1l2 0.751 O826 
146 0•608 O•191 0'374 0•268 
50 189 07LL9 0Ls.75 O.L.99 0.369 
60 24 0.852 0760 0515 0.71 
70 297 0.911 1.010 0702 O.55L. 
80 355 0950 1.279 0.776 0•632 
90 Li.16 O969 1°L.95 082I.i. 0686 
100 479 0.982 1 .737 0866 0.738 
110 54 0 '992 2 4 093 O•911 0°800 
120 611 0•997 2 .521 0'945 0.856 
130 680 1'000 - 1'600 1•000 
TABLE A XXXVIII 
• FIRST STAGE OF DECOMPOSITION OF ANHYDROUS 
L1THAUM CHROMATE (vi) AT 6300C 
1 1n.) 
i—(i—) " 
tl ' 3 
Log ](l) DecOmpOsed (x) 
0 •O .0 • 	 0 ' 0 
10 22•0 0213 0.'567 0113 0•077 
• 20 55'4 0.520 '005 0°07 0.217 
30 95•4 0'776 0'540 0.527 0 4, 393 
Z.0 	• lii.0 O'915 i032 0.708 	• 0•560 
50 189 0973 1'557 O•636 0.700 
60 2Ls.1 0990 1996 0'O0 0.785 • 
70 297 • 	 0997 2521 O'945 0•856 
80 355',.. O998 2698 0'955 • 0•900 
90 Li6. 1000 1 4 000 1'000 
TABLE A XXXIX 
SECOND''STAGiF, OF DECOMP03ITION OF MHYDR0US 
LTHAI1J11 CHROMATE (vi) AT 6300C 
Time 
t (Mm.) 1 63 t 	' 
Fraction 
Decomposed (x) L og10 
0 - 	 0 0 0 
10 1427 0•005 0.002 
20 132 0.011. 0.005 
30 256 0.020 0'009 
40 409 0'029 0•013 
50 588 0.034 0.014 
60 792 0.038 0017 
70 1017 0047 0•021 
80 1265 0.052 0•023 
90 1532 0 , o65 0'029 
1.00 1820 0.078 0.035 
110 125 0.090 0•014 
120 2450 0°103 0.047 
130 2790 0'121 0.056 
114.0 3114.9 0•1141 0•066 
150 3524 0•161 0'076 
160 39114. 0•179 0086 
170 14.j21 0.195 0.094 
180 7 43 0•213 0.1014 
190 5181 0°230 0
4
1114 
200 5631 0.2140 0.119 
210 6098 0'259 0•130 
220 6579 0•276 0.1140 
ABLEA): 
SECOND STAGE OF DECOMPOSITION OF ANHYDROUS 
LANTHANUM CHROAATE (vi) AT 64100 
t (Mi±.) 16 t 	' 	3. 
FractIon 
Decomposed (x) L 	
•.1 og10 1-x 
0 0 0 0 
10 42'7 0'007 0.003 
20 132 0.020 0'009 
30 256 0•036 0•016 
40 409 0'052; 0023. 
50 .588. 0.072..... .. 0•033 
60 792 . 	 0.103 	,. 0.047 
70 1017 0.137 0.064 
80 1265 0'166 	. 0'079 
0 1532 	. 0.193 . .• 	 00093 
100 1820 0'217 0•106 
110 2125 0'251 	. 0'126 	. 
120 2450 0•280 0•143 
130 2790 0.309 0161 
140 3149 . 	 0.3144 0183 
150 3524 	. 0365 . . 0.197 
160 39 . . 	 . 	 0.394 0.218 
170 4321 04421 0.237 
180 4743 0.447 0 1 257 
190 9181 0468 0.274 
209 	. 5631 0f492 0.294 
210 . 	 6098 0•519 . 0.318 
220 6579 	. 539 0.336 
XLI  
SECOND STAGE OF DEOMP0SITON OF NHYDROUS 
'LANTHANUM GUROMATE (VI) AT 	 C l .  






0 0 0 0 
10 0•016 0 '007 
20 132 0.034 0.015 
30 256 OO69 0.031 
11.0 11.09 0'llO O.0L5]. 
50 588 O1511. 0.073 
60 792 O'197 0.095 
70 1017 0.2112 04120 
80 1265 0.286 
100114.6 
90 1532 0324 
0.170 
100 1.820 0.371 
10.201 
110 2125 O'410 0229 
120 2450 0 •47 0'257 
130, 2790 0'476 0.281 
lLi.O 3114.9 O512 0'312 
150 352L. 0.5141. 0•3L4.]. 
160 3911i. 0573 0•370 
170 11.321 0.600 0.398 
180 11714.3 o626 O427 
190 5181 0.6119 . 004.55 
200 5631 0•671 O•483 
210 6098 0691 0'510 
220 6579 0712 0•514 
230 0•7314 0.575 
240 0'752 0.606 
250 0.770 0.638 
260 0'786 0.670 
TABLE A XLII 
SECOND STAGE OF DECOMPOSITION OF ANHYDROUS 
• 
LANTHANUM CHROMATE (vi) AT 6520C 
Time 
t (Miii.) 
L og10 i•6 t 	" 
Fraction 
Decomposed (x) 
0 0 0 0 
10 0.009 0.004 
20 132 0•029 0•013 
30 256 0•067 0.030 
40 14.09 0110 0.051: 
50 588 0159 0075 
60 792 0.212 0•lO4 
70 1017 O•262 0 . 132 
80 1265 0'313 0.163 
90 1J$32 O3514. O'90 
100 1820 0'405 0 4 226 
110 2125 O•1447 0.257 
120 2450 0.485 0.288 
130 2790 0.521 0•320 
114.0 3114.9 0•559 0•356 
150 3524 O'588 0.385 
160 3914 0609 0.1408 
170 14.321 0.633 0.1435 
180 47143 0.665 0.475 
190 5181 0.691 0'510 
200 5631 0.7114. 0.544 
210 6098 0.734 0'575 
• 	
• 	 220. 6579 	• O?756 	• •• 	0•613 
TABLE A XLIII 
SECOND STAGE OF DECO}OSITION OF ANHDR0US 
LANTHANUM CHROMATE (VI) AT 6609C 
Time 6 Fractl.on Decomposed (x) L 08 
0 0 0 0 
10 Li2'7 0.014 0.006 
20 132 0.051 06023 
30 256 0.105 0.048 
40 409 0.176 O'084 
50 588 0•236 O'117 
60 792 O•301i. 0.157 
70 1017 0.361 0.195 
80 1265 0•113 0232 
90 1532 0•433 0.262 
100 1820 0504 0 4305 
110 2125 0.549 0'346 
120 2450 0.591 0•388 
130 2790 0•629 0.431 
140 3149 0661 0•470 
150 3524 O•692 0•511 
160 3914 0 4 721 0 . 554 
170 4321 0.743 0.590 
180 4743 0•772 0.642 
190 5181 0.794 0.686 
200 5631 0.812 0•726 
210 6098 0•826 0 4 759 
220 6579 0.8144 0.807 
TABLE A XLIV 
SECOND STAGE. OF DE'dO1SITION bF AHYDR0US 
LALTHANUM CHROMATE (vi) AT 6720C 
Time Log10 t'03 
Fraction 
Decomposed 
0 0 0 0 
10 42 4 7 0.051 0.023 
20 132 0161 00076 
30 256 0287 0 °147 
40 409 0396 O•219 
50 588 04i.88 0 . 297 
60 792 0.562 0.358 
70 1017 0'631 0•Li.33 
80 1265 0.689 0'507 
90 1532 0'739 O'583 
100 1820 00788 0•67L 
110 2125 6•032 0'775 
120 2450 0'870 0•886 
130 2790 0904 1'018 
lLi.0 31L9 0'926 1131 
150 3524 00 9142 1•236 
160 3914  0'958 1377 
170 4321 0969 1°509 
180 Z4.714.3 0•978 1,658 
190 5181 0.985 1'825 
200 5631 0•993 2155 
210 6098 0996 2•398 
220 6579 0•998 2•699 
TABLE A my 
• 	
• SECOND STAGE OF DECOMPQSITION OF ANHYDROUS 
L?THNUM CHROMATE (VI) AT 6800c 
Time 
t (Mm.) L og10 1 6 t 
Fraction 
Decomposed (x) 
0 0 '0 0 
10 42'7 0•136 0063 
20 132 O310 0°161 
30 256 ,O°Lj.56 0264 
40 409 0.563 0359 
50 588 0'655 0°L.62 
60 792 0726 0'562 
70 1017 0.788 0674 
80 1265 0 ' 840  0'796 
90 1532 0'882 0'928 
100 1820 0.909 1'014 
110 2125 0.931 l'161 
120 2450 O'951 1•310 
130 2790 0•969 1509 
1L.0 3].L.9 0•980 1'699 
150 3524 0 4 991" 2046 
160 3914 1'000 
TABLE A )JVI 
SECOND STAGE OF DECOMPOSITIQN OF. VAIDROUS 
LANTHANUM CHROMATE (VI) AT 6 .93°C 
Time 
t (1in.) 
° 1 6 Fraction Decomposed. (x) L og10 
0 0 0 0 
10 L.27 0'185 O•089 
20 132 O'LO5 0•226 
30 256 O'561 0.358 
LO 409 0.682 O'14.98 
588 0.786 O•670 
60 792 0•849 0'821 
70 1017 O•900 1'000 
80 1265 0'931 1'161 
90 1532 0'955 1•347 
100 . 	1820. 0•975 1•602 
110 2125 0 .991 2OL.6 
120 2450 10001 
•• 




TBLE A XLVII 
• SECOND STAGE OF DECOMPOSITION OF ANHYDROUS 
LANTHANUM CHROMATE (VI) AT 7010C 
Time 
t (Mm.) 
1. og 6 t1-'  
Fraction 
Decomposed (x) 
0 0 0 	• 0 
10 142'? 0275 0.1140 
20 	
• 
132 • •,O37• 0335 	 = 
30 256 O'708 0'535 
140 1409 &819 	• 0-742• 
• 	50 	• 388 0897 	• 0.987 
60 792 0'9314 1'176 
70 1017 0•965 1•L.56 
80 1265 0.980 .1•699 
90 1532 • 0.989 1.954. 
100 1820 1'002 - 
TABLE A XLVIII 
SECOND STAGE OF DECOMPOSITION OF NEODYMIUM 
CHROMATE (vI AT 6100c 
i-(i-)" Time )°61 Fraction 1-(1-x) t (Miii,) t Decomposed (x) 
a '.  •'''o. • 
5 13•3 0 0. 0 
10 140.7. 00014 0•002 0.001 
15 782 0'•007 OiOO14 0.002 
20 	:'. 1214 O0U 0.005 0004 
25 .178 O•0114 0•007 	.0.005 
30 239 '0'018 0•009 0'006 
35 306 O021' 0•011" 0'007 
140 .380 0026 0.013 0.009 
145 1.59 0.032 0'O].6 0.011 
50 5141. : 	•O•037. 0'019 0.013 
55 6314 .. 	00142 0'021 0.0114 
60 729 	. Of 0147 0.0214 0'016 
65 829' •0•053 0.027 0.018 
70 . 	 935 	0 	 0 . 0.060 0.031 0'020 
• 	
. 	80 1159 0.067 0O314 0.023 
• 90. 11401 . O079 0•0140 0.027 
100 1660 . 	 0'098 O•050 	. 0.0314 
110 	'. 1935, 01114: 0.059 000140 
120 .2226 
.' 0e333 OO69 0.0147 
130 2531 O'153 0.080 0.0514 
1140 2852 . 	 0•179 	' 0•014 0.0614 
• 	150 0 	3188 ' 	 0202 
.. O'106 0 . 073.. 
160 3537 	, 0 0 0 233 0.1214 0•085 









.190. 0 	 ' 	 • 0 , 0.307 	0 0'168 0.115 
200 
, .0.333 ' 	'? 0183 0126 
210 	,, 0 0363 	• 0.202 	' 0.1140 
220 •' 	' 	 • 0•395' 0.222 001514 	
0 
TABLE. A XLIX.' 
SECOND STAGE OF DECOMPOSITION OF NEODYMIUM 
CIffiOMATE '(VI) AT 6190C 
Tune. 1•78 .FractOn 	. . )113 •t.. (M1n,) . Decomposd'(x)  
0 0. '0 .0 0,. 
5 .175, ', 	0: 0 .0 
10 . 	60'3 '• 	 . 0'003 0002 0 4 001. 
15 , 	124 0•012 	I 0•006 .0004 
20 207 	. 10 'e018 .' 0'009 O'006 
25 	. 308 ' . 	' 	'0o028 	. 	. 0 4 014 0.009' 
30 '. 	426 	. 0035 . 0.018 '0012 
35 560 0•047 0'024 0.016 
Ls.O 711 . 	' 0'058 ' 	' 0.029 O,°020 
45 ' 876 . . ' 	. 0072 , 0•037 0025 
50 1057 0.088 O•045 0.030 
55 1253 0'105 	. . 0'054 0•036 
60 1463 01, 125 0•065 0.014 
65 • 1687 	' , O•11 0075 0•051 
70 1924 ' . 	' 0167• 	. 0.087 	' 0'059 
80 2441 ' . 	0.207 . 0'110 0.074 
90 3009 •0'258. 	' 	" 0'139 . 0.095 
100 3631 0.309 0.169 0•116 
' ...10. Li.302 	. O351 	• 0•196 	. 0.136 
120 ., 	 . .. ' 	011.1.00 . . O'225 0.157 
130 '' 	' 	.. 	 :' '. 	 0441.7 	' 0256, ' 0'17.9 
11.1.0 ' 	' ' 	. .0.Li.98 ' 	. 0"292 	. • .0.205 
150 , 0.553 0'331 0.235 
'11.60 	. • 	' .0602 0369 	'" 0'264 
170 . 0•61..9 ' 	O'L.O8 . 0.295 
180 	• . . 0693 , 	 • 0'446 '0.325 
190 0•733 0•483 0•356 
200. , • ' 	0.'772 	' 0'523. 0.389 
210 0.803 0556 0•148 
220 • 	• 	, 0•833 	• 	' 0.591 Oa449 
• 	 TABLE.A. L .  
SECOND STAGE OF DECOMPOSITION OF NEODYMIUM 
• 	. 	 CHROMATE (VI).. AT 620°C 
Time Fraction 1-t1-x1 1_1..V3 
t. (Mm.) t Decomosod (x) •' 	 ••' 
0 0. .Q . .• O 0 
5 .17 4 5 O'002 0.001 0.001 
10 • : 60'3 0.907 	•. . 0'0QL.. 0•002 
15 124 O'024 0'007 0•005 
• 	20 207 0•021 	. 	• . . 0•011 0'007 
25 308 0026 0.013 0'009 
30 L.26 O•039 	.. 0.020 0.013 
35 560 056 . 0•028 0•019 
Lj.0 . 	711 	• . O'674 •. . 0.038 0•025 
45 876 0.091 0'047 0.031 
. 50 1057 	• 0' 111 	• O•057. • 0'039 
.55 	• 1253 • 	0128 • • 	0 4 066 0 9 0145 
60 11463 • o'6o 0'684 	• O'b57. 
65 1687 0.181 0•65 00 664 
10 19214 • 	003 	• 	• 0107 	• 0•135 0.973 0•092 0 21414]. 0 1 251 
90 	• 3009 • 	O'309 	• 0.69. 	• 0•.16 
100 3631 04360 0•200 0•138 
110 14302 • 	0•144 0.235 0 4 163 
120 0'14.68 0.271 O'190 
130 0'523 0'309 0.219 
0.5714. 0'3147 0.2148 
.150 • 	• 0.628 • 0'390 0.281 
160 • 0'6714 	• 0'29 	• 0-312 
170 0 '7214 O•475 0349 
180 0.766 O516 0.3814 
190 • •. 	0803 0.556 0•1418 
; 200, • •.• 	•O831 0"589 	• 0.447 
210 	• . 	 • 0'859 0'625 • 0,1480 
220 
: 
• 	O'882 0657 0510 
TABLE ALl 




0 0 0 0 0 
5 22•3, .0.005 0.003 0'002, 
10 851 0016 , 	 09008 0.005 
15 186 0.034 0'017 0.012 
20 	. 324. :O'071 	., 01•036, H4, 0'032 
25 499. ..,. 	0'I11 0057 0•039 
30 709 . 	•Q'148 . 	 0•077 0'052 
35 955 	.' 0.202 0 '107 ,. 0 •073 
40 1236 . 	 .0025Q 0'134 0'091 
45 1552; 0'300 •0'163 0'112 
50 1901 	. . 	. 0.354  0.196 0'136 
55 .0 4 45 .0•229 0'159 
60. . 0.457 . 	 0•263 00184 
65 . Q•509 0.299 	. 	, I 0'211 
70 . 0•554 0'332 0'236 
80 .,, 	 . 	 . 	. . 	0.652 	'. • 	 0140 0?297 
90 . . 	0.727 	.., . 	 09478 0'351 
100 0•800 01553 0•415 
110 . 	0 1 854 0'618 	,. 0.473 
120 . 	• . 0'900 0.684 0•536 
130 . . 	0•929., 0.734 	. 0.586 
140 0 , 948 .0.772 0'627 
0.968. 	.. .. .. 	 0.821 0•683 
160 0.982 .: 0.866 0.738 
170 0•991 0•905 0'792 
180, 0•997 0•945 	•. 0.856 
190 0.998 . 	 0'955 0.874 
200 . 	 . 1•000 	. 1.000 	°. 1.000 
TABLEALIl 
• SECOND STAGE OF DECOMPOSITION OF NEODYMIUM CHROVIATE (VI) 
AT 6Z °C 
Time 1.82 Fraction 
 
t (Mm.) t Decomposed (x) 
0 • 0 0• •: 10 
• 
87 b.018 0.009 0.006 
• 	10 66•2. Q044 0 4 02• 0.015 
15 : 	138 ' 0.091 0•041 0'O31 
20 233 0,156 0.081 0.055 
25 351 0.230 0.123 0.083 
30 1488 0312 0.171 0.117 
• 	35 6146 • 	 0393 	• 0•221 0153 
140 8214 01472 0273 0•192 
145 0.5149 0.328 0.233 
50 0.628 0390 0.281 
55 0698 O'451 0.329 
60 0763 0 0 513 0 4 381 
65 • 0.819 0.575 • 	. 0.14314 
70 • Q623 	• 01478 
80 .• 0926 •. 	0'728 0 0.580 • 
90 0966 0.816 0.676 
100 Q"989: •. 	0895 O'778 
110 0996 0°937 O'8143. 
120 1•000 1•000 1•000 
mBLE . A:LIII . 
SECOND STAGE OF DECOMPOSITION OF NEODYMIUM CHROMATE (vi) 
at :650°C 
Time 
t (Mm.) t167 
. 	 FractiOn  
Decomposed. (x) 1*(ix) 1—(1'x)" 3 
00 0' •0 10 
5 14•7. 0•026 0•013 0 4 009 
101 , L6.8 . 	 0'O83 O.OL.2 0029 
15 92 4 1 0.163 0.085 0'058 
.0 149 . 	 0•266 0143 0'098 
25 216 O368 0205 .041142 
30 293 . 	 0•467 0270 0.18 
35 0•568 0"343 O.24 
LO . 	 . 	 ; 0o668 0424 0308 
145 0'755 0.505 0.374 
50 O•819 0575 O1434 
55 0'870 O639 01493 
60 
. : 	
0.909 0698 0550 
65 0.914 o757 0611 
70 0.961 0803 0'661 
80 0.977 O8148 O•716 
90 	. . . 	 0.982.. O'866• 0738 
100 1.000 1 1 
TABLE A LIV 
• SECOND STAGE OF DECOMPOSITION OF NEODYMIUM CHROMATE (vi) 
AT 66o? 
Time Fraction 1'1x, , 	 J3, 11X, t (Mi±.) Decomposed. (x) 
0 0 0 0 
5 0.083 0°042 0.029 
10 0'240 0•128 0•088 
15. O'424 0.24 0s3.68 
20 0•600 0•368 0.263 
25 0.747 0.497 0.368 
30 0858 0.623 0.Li78 
35 0•931.i 	: 0•743 0.596 
40 0•978 0.852 	• 0.720 
45 	• 0996• 	• .0.937 0841 
50 • 	 1.000 1000 •1•000 
TABLE A. LV 
SECOND STAGE OF DECOMPOSITION OF NEODYMIUM CHROMATE (VI) 
AT672°C 	. 
• 	 1mé Praátlon 1-13 
t (Mm.) Decomposed () ' 
0 0 	,. 0 0' 
• 	 5 	. 0.208. O• 110 0•075 
10 0•491 	•. 	
. 
0287 0.202 
15 0•736 	• 0.1486 '0.359 
20 0.885 o•661 0.5114 
25 O•959 0797 0.655 
.30 	•  0923 •0818 
35 14000 1•000 1'000 
TABLE ALVI 






' 	 " 
1.(1.x) 2 
0 
5 O!LOL. 0•228 0.158 
10 	' p.768 0.518 , 0386 
15 	. 0.947 0•770 0•624  
20 0.988 0.891 0.771 
30 1.000 	. l'OOO 1000 
• TALE'A LVII 
DECOMPO3ITION OF LANTHANUM CFIRO 	TE (v.).AT 6610C 
Time 
t(Min.) '1 Log10 179 t 	• 
'ractiOn; 
Decomposed (x) 
0 0 '0 ''0 
• 	: ..,. 17.8• 0 0 
10 61.7 0.002 0.001 
15 127 , 0.005 0•002' 
20 213 0'013, 	' 0ØQ6', 
• 	25' 318 •0'022 0.010 
30 14',' 0•030 0.013 
35 581 0'.038 0.017 
40 737 00046 0•021 
45 910 0056 0625 
50 1100 0.068 0°031 
• 	55 1304 ' 	 '0.083 0..b38 
60 
'. 	
1524  ', ';,0'096, 	. •0.OL 
65 1758 0111 0.051 
70 .2007 0 4 127, 0.p59 
.80 2550 '. 	 , O•166' 0.079 
90 3148 • 	 0.204 	.., O'p99 
100 3802 ..'0'239 •• • 	0118 
110 ' 	• 	 : 	0'275' 	• 	• 0'1IO : 
120 : 	 , 	0•310 . 04 161 
130 0 0 	 • 	 0039 	. 	
'. 
0.186 
114.0 . 	 0385 0•211 
150 	'. • 	
" 	 0.147 	• 00234 
160. • :'. 	 0.446 	. . 0.257 
N0 0.L78 0.282 0 : 	 0.509 	' Q•309 
190 ' 	 0.537 0.334 
200 0 • 	'0.559, 0'356 
210 ' . 	 0.578 	, 0•375 
220 . 0'600 	, • 	 0 0.399 
TABLE A LVIII 
DECOMPOSITION OF LITHANUM CHROMATE (V) AT 6719C 
Time 
t' (Mi.) . 1 	o 
Pract ion 
Decomposed. (x) L O 
0 0 0 0 
5 213 0•002 0.001 
• 	 10 7.9 e4. . 0'003 0001 
15 172. . 	.0.010 0.004 
20 296 0'Q]9 01008 
25 453 0'038 0.017 
• 	0 	 30 640 of,057 0 4 026 
• 	 35 859 •0 4i 075 0.034 
40 1107 0'102, 	• 04047 
45 1384 . 	0.127 	' 0eV59 
• 	
. 	 50 169Q 0!-1 51V 0.'071 
55 2027 0.178 O'D85 
60 2391 •0•'202: 0.098 • 	
65 2783 0'231 
• 	•• 	•' 70 3204 	. 0 40:259 0.130 
80 4130. .0.314 0.164 
• 	 90 5164'. 	. 0•366 04198 
100 6310 ' ''0.144 	: 0•232 
•110 0'i.615 ' 0.273 
• 	 120 0.509 	' 0.309 
0.549 0•346 
140 0.584 	, 0•381 
15,0 0.616. • 0.146 
160 . '. 	0.645' 	' • 0.450 
170 0 	 • • 	 010672 0-484 
180 • • 0494 	' 0.514 
190 . S 	 0713 • 0.542 
200 0.736 • 0.578 • 
.210 	• 	
• .' 	0 • 	• • 	
• 0.753 	• ' 06607 
20 • • 	• 0'772 , 0°642 
TABE :A LIX 
DECOMPOSITION OF LANTHfltL CImOMATE (v) AT 6710C 
Time 
t (Mm.) 1 °O t 'd  
Fxaction 
Decomposed C) L og10 	X 
•O. .0 0 
5 . 21.3. 09002 . 	O'OOl 
10 79'4 0005 04 002 
15 172 00014 0006 
20 296 Oa025 0.011 
25 453 OOL.1 0O1& 
30 6L.Q. 0c065 0'029 
35 859 •0088 	. 0O40 
40 1107 0'113 . . 	0.052 
45 .1384 0'137 0'061. 
50 1690 0'167 	. 0.079 
55 .2027 . 	0 0 197 0095 
60 2391 0.229 01113 
65 2783 0 4 253 0'127 
70 3204 . 	0.280 	. 0'143 
80 4130. 0.338 0•179 
90. 5164 •392 	. , 0.216 
100 6310 	,. . 	O414 . .0.255 
110 	. 0492 0'291i. 
120 . .. 	0.532 0330 
0'578 0'375 
140 . . 0 '608. 0407 




170 . 0685 0 4 502 
180 . 0:'708 0'535 
190 . 	0.728 0.565 
200 0 0073 	. 00590 
210 	. . 	. 0'161 . 0.622 
220 O'778 00654 
DECOMPOSITION OF I THANEJM :cRoMT. (v) AT 6780C 
Time 
t (Mm.) t 
Fraction 
Decomposed (x) X 
0 0. O 0 
5 15.2 0°CO3 0•001 
10 49 0 9022 O'OlO 
15 97•2 0'041 0018 
20. 3.58 0'072 0.033 
25 - 230 0.105 6•048 
30 313 0143 0.067 
35 407 0•185 0.089 
40 510 0•228 0112 
45 622 0.267 0.135 
50 743 00.309 0•161 
55 874 0349 0186 
60 1012 0390 O23.5 
65 1158 028 0243 
70 1313 0.158 0266 
80 0522 0321 
90 0 1 ,583 0.380 
100 0636 0L41 
110 0.675 O.488 
120 0708 0'335 
130 0.737 058O 
ILi.0 0767 0633 .10 : 	 0•793 0•681 
160 0810 00 722 
170 . 0 t 823 0752 
180 0839 0.793 
190 0.852 083O 
200 0.861 0857 
210 0•87Li. 0.900 
220 0885 0'940 
TABLE A iaXX 
DECOMPOSITION OP LANTHANUM GIOMATE (v) AT 6890C 
Time 
t (Miii.) 1 60 . 	t 	. . 
P*'actlon 
Decomposed. (x) L 	1- . g10 	X 
o '0 	 . 0' 
5 131 Q.Oj4 ,.. 0'006 
10 39.8 0047 0'021 
15 76'2 OO80.. 	.' O;'036 
20 121 O M .135 Q•063 
.25 172. O196 009 
'30 231 . 	Q257 	. 	. 0,' 129 
35 . 295 
 
0 4316, 0165 
40 366 O?'71' O'20]. 
5 4142 O1425 O2140 
50 523 0;478 O'282 
55 '609 0530. 07328 
• 	 60 700 04"576 0373 
• .: 	. 65 0615. 	. 	•. 	. O'L15 
70 . 653 O,Li.60 
80 , . 0.719 0551 
90 0:762. 	• O'623 
100 . 0803 . 0.705 
110 •. S 	 0836 0785: 
120 0859 0851 
130 . . 	0883 .0932 
0.'899 0,996 
150 0•915 1071 
160 . . 	0:929 ' 
170 . 	. 	, 	. 0.'939 . 	' 	114215 
180 0!94 1284 
190 	. 04958 	. 	. 1377 
200 • 	0965 • 1 -1-456 
210 	• , 0.?971 	, ' 1'538 
220 • •• O?976 . . 	1?620 
TAME A. LXII 
DECOMPOSITION OF LANTHANUM CHROMATE (v) AT 7000C 
Time 




0 .0 0 
• 	 5 13'1 ,0040 0'018 
10 398 0'125 0058 
15 762 . 	 04222 	. 0'•109 
20 121 . 0317 0.166 
• 	 25 172 	• 025 . 0'240 
30 231 •. 	0.507 0'307 
35 295 	. 0.585 0 4 382 
40 366 006L8 0454 
442 . • 
	
45 0.706 	. 0'532 
50 523 . 	 O754 0609 
55 609 0793 0.684 
60 700 Q825 0757 
65 . 	 O" 83 0' 80 
70 . O'867 	. 	. •37 
80 0' 907 . 1.032 
90 0 923 11114 
100 . . 	 0942 	. . 14238 
110 . 	 •, 0.957 . 1'367. 
120 0966 1.468 
130 P.973 1569 
140 0.982 1 7l4. 
150 • 0.987 	. 1486 
160 • • 	 ,.C'991 . 2046 
170 . 0.994 	. 2'222 
180 .0995 • 2•301 
• 	190 . 	 0•997. 2•523 
200 	• • 0'999 	• 3'900 
210 • ., 	1•000. • 
/ 
PABLE.A LXIII, 
DECOMPOSITION OP LNTHA1UM CHROMATE (v) AT 7100C 
Time 




0 0 0 
5 0 ' 113 00052 
10 O'2614. 0.133 
15 0•141 0'230 
20 0.547 0 4 3144 
25 0•6144 0.1449 
30 O'725 09561 ° 
35 0.789 O•676 
40 O°829 	. O•767 
145 04862 0.879 
50 0•890 O'959 
55 0•911 .051 
60 0.931 1161 
• 	 65 0942 1..237 • 70' •0•952.. 	° 	. 1.•319 
80 0•966. 1.469 
• 	 90 0.977 	• 1•636 
100. O'985 • 	• 108214 
• 	110 	• 04992 	• ' 	 . 2•097 
• 120 '0997 .2'523 
130 	°. 0.998. • 2.699 
1140 1.000 	•. 	° 
TALE A LXIV 




Decomposed (x) L og10 
'0 	'•' • 0. 0 
5 0•163 0 4 077 
• 	10 0 °351 0.188 
15 •G•522 0°321 
• 	20 • 0'6L.8 0 •454 
25 •0'742 0.588 
30 0°814 0'•731 
35 • 	 01, 860 0•854 
40 0.895 0.979 
145 0.920 1,' 097 
50 0.938 1•208 
55 •, 	0°954 1 . 337 
60 ' 0•962 1.420 
65 0.970 1'523 
• 	 70 . 	0975 1602 
• 80 O;'983 .", 	1•770 
90 0•987 1.866 
.100. - 	 0'990 2000 
• 	 110 0'992 2 '097 
120 :0'993' 
• 	
.130 . 	 , 	 0•997 	• 2'523 
• 1Z.0 	'. 0.998 " 2'699' 
150 1'OOO 
TABLE A LXV 




Decomposed (x) L 	1/1 og10 	' 
0' 0 0 
5 09332 0.175 
10 0•571 0.368 
15 0•737 0.580 
20 ' 	 0•833 0•777' 
25 0'886 0943 
30 0•925 1•125 
35 0'945 1.259 
t.O O•958 1'377 
45 09969 	•' 1•509 
• 	 50 0.978 1658 
55 0'985 1824 
• 	 60 0•993 • 2'155 
65 	" • 	 0 9 997 2'523 
70 • 	1.000 	•• • 
TABLE A LXVI 
• 	DECOMPOSITION OF LANTHANIN GHROMATE 
(v) AT 7560C 




• 	Decomposed (x) 
• 	0 0 
5 O.638 
• 	
• 	 10 0.878 0. 91Li 
. 1 	15 • 	 O•9Li.8 1•28L 
20 0.978 1658 
• 	
25 	• 0.994 2222 
30 l'OOO 	• • 	 • 
TABLE A LXVII 
DECOMPOSITION OF NEODYMIUM CHROMATE (v) AT 6010C 
t (Mm.) . 	 t'33 
Pxaction 
Decomposed (x) . 	 1x 
0 ,o:,',:o. -' 0' 
5 8.5 . 	 0.002 O'OOl 
10 21'4 0.008 . 	 0.004 
15 . 	 36.7 ' 	 0.020 	. 0•009 
20 . 	 •53'7 	. .: .0.030 . .0•013 
25 72.3 Q'043 0 0 019. 
30 92'1 0.054 0.024.. 
35 113w.. ' 	 0•066 '0.030 
40 135 ' 	 0.086 '0.039 
45 158 	. 0.102 	1 0 . 047 
50 182 0•122 0.057 
55 . 	 206 . 	 '0.138 0.065. 
60 232 0.153 0.072 
65 258 '' 	0.171 , 	 0081 
70 	' 284 . 	 0.188 . 	 0.090 • 	
. 	 80 340 1 '. 0•222 '0•109. 
90 397.'' 	" 	. . . 	 0.255 O'128 
100 	. 1457. , . 	 " 	 0'291 	.. 	', 0.149 
110 519 	' • 	 ' ' 	 '0.328 	• . 0'173 
120' , ' 	 Q•366 '0198 
• 	 . 	
. 	130 . 0404. 	. 	,. 0.225 
140 0.438 0•250 
150 ' 	 ' . 	 0.471 	• ' 	 0•277 
160 0.504 0.305 
N0 	'' '' 0.535 	• 0.333 0 • . 	 0•566 • O•363 
190 " 	 0.598 0.396 
200 ' 	 . • ' 	 0.623 • 0.424 
210 • 0•655 	. 0.462 
220 . 	 '• . 	 ' 	 0.682 ,. 00 497 
TABlE A LXVIII 




Décop.osod (x) L og 
0 0."  vo 	. '0 
5 8051. . 	 ' 	 ' 	 04-011 0005 
10 21 9 4 0'.020 0'009 	
* 
15 36.7 0•036 0.016 
20 53.7' 0O49 O022 
25 72'3 0' 066 0030 
30 92'l 0 0 084 0038 
35 113 . 	 0.100 	• 
• 
0046 





45 O'143 0067 
50 182 0'163 	• 0077 
55 206, . 	 OI81• . O.O87 
60 232. o'•198: 	. 0096 
• 	 65 258 O221 O'1O9 
70 28t 02I4 0'122 	 •11 
• 	80 346 O'295 	• 	'' i ' 0132 
90 397 0.338 0179 
100 	• 0 4 380 0208 
110 .. 025 0 4 210 
120 • •. 	O468 	' O274 
1,0 0.509 . 0309 
•140 •' 	 . ' 	 • • O553 0350 
• 150 • ' 	 0'591 0388 
160 0629 0 4431 
170 , 0657 	• 065 
180 	• . 0 1 692 O511. 
190 0.721 0554  
200 0740 0 0 58 
• 	210 - •. 0.759 	• 	• ; 	 0'61 
220 	• , 0'781 .. O'659 
TABLE .A. LXIX. 






Decomposed (x)  
0 
5 8.5 '0.012. 0.005 
'10 	.. .21.14 ' . 	. .0.026 0.011 
15 	' . 367, O.O15 O'020, 
20 53'7 . 	O'061 0.027 
• 	25. 72.3 0 • 081 0 01,037 
30 92'I . 	0•106 . 0'049 
35 113' . ' 	0.129 . 	0.060 
LO 	. ' 	135. 	' 0•155 0'073 
45 15. . 0.283 . 	0,088 
• 	50 	. . 182 0'210 ' 	0'102 
55 ' 206, ' 	0.238 0'118' 
60 ' 	232 09271 .. 	0 "237 
65 258 . 	0'301 . 	0.255 
70 '. 	 . .• 	 . 0'321i . 0'170 
80 . ' ' 	0.377 0.206 
90. , 	., 	 . : 0 '133 , .' 	0 '246 
100 	.' . .0•89 	' 0.292 
110 •' 	 . ' 	0'549 Q•316 
120 . 0.590 0.87 
130 	.. 0.628 	
• 0.43Q 
1140 .• ", 	 ' 	0'665 ' '0•i.75 
150 • • ' 0704 , 	0.529 
160 ' 	. 0•739' 0'583 
170 ., . 0.760 	. . 	0.620 
180 	• .' 	. ..... ' 	0.782 0•.662 
190 ' " ' 0,798 	. 0 •695 
200 ' . . 	. 0813 0'728 
210 ' 	' 0.827 	, . 	0.762 . 
220 	•,, 
. 
. 	. ' 	. O.840 •• 	r 0796 
TJUIE A LXX 
DECQMPOSITION OF NEODYMItM cHROMAT (V) AT 6200C. 
Log ]/1-x i) 
t1 ' 33 ed. (x) 
0. 0 1 10, tQ 
8•5 5 0.013 0•006 
10 2I4 ' 	" 0033 0'015 
15 367 0.064 0.029 It 
20 5•7 0.096 0043 
25 ' 72•3 . 	0127 0059 
30 .9•1 0'160 0'076 
.35 .113 	. .' 	Q194 00094 
40 135 0 0 231 0'•11L. 
45 158 	. 	. 0'273 	., O'139 
50 	. 182 00311 O162 
55 ' . . 	0352 0188 




70 : 	0'1460 04268 
'80 0 ,,, 0•527 	. . 0,325 
90 . '. 	 . 	O.589 ' Q'386 
100 . 0 Q° 637 00 L40 
110 . 0'685 0'501 
.120 	. . 	0  O"725 	,. 0561 
130 0 	 ,' 0756 •, 	G613 
140 " ': 	 0.786• 0"670 
150 . '. 0809 	. 0'419 
160 
0 
0.832 0 	 0 0'775 
170 . 	0.'8l4.5 0'810 
iso 0'460 0854 
190 0 "873 00896 
200 	, . 	. 088L. . 	0.936 
0 	
210 0 0'899 O'e996 
220 0 O'911 1".051 
TABLE j LXXI 
DECOMPOSITION OF NEODYMIUM CHROMATE (V.) AT 6300C 
Time 
t (Mlxi,) ]• 33 t 
FractIon 
Decomposed (x) og  L 	311-X 
.0 0 
5 85 0.011 0'005. 
10 21'4 O.O51 0,023 
15 36'7 07087 0'039 
20 53.7 O128 0:059 
.25 72'3 0172 
O.,218 
0082 
30 . 	921 0,107 
35 113 . 	.0,266 0134 
.40 135 . 0,!:315 O•1611. 
11.5 . 0356 0191. 
50 0.'101 0,223 
55 0?142 0.253 
60 0,'483 0:•287 
6$ . 0527 0.325 
70 0563 	.. •... ' 	.0.359 
80 . 	0639 0.s443 
90 	. . 	. 	. 0.695 O516 
100 .' 071111. . 	0.592 
110.... 	' . 	01780 0.658 
120 . .. . . 0'810 	. 0.721 
130 .. 	 .'. 	 . . 	0 	832' 	. . . O775 
340 	. ........... 	 . 00859 0,851 









180 	. 	. . 	, 04921i. . . 1.219 
190 . . . 	0'936. 1,1911. 
200 	. 
.210 
, . 	09114 
, 	0951 
1252 
iio . 	. . . 	.. 
220 ., 0.957 1,368 
TABLE ALXXII 	.. . 
DECOMPOSIT,ION OF NE0DY1IIUM cHROMATE (v) .AT 63000 
Time 
t (Mm) t 
Fraction 
Decomposed (x) L 	vi- og 	x 
0 0 0 0 
• 	
. 	 5 8'5 •' 	 0•018• 	. 0.00. 
10 21•4 	...... .. 0.056 . 0•025 
15 36'7 0'096 	. 0s014' 
• 	 ., 	 •. 	20 	•. . 	 •.537 	.... . 	 00143 . 0.067 
25 72'3 .. ('184 0•088 
30 . 	 92 .1 0•232. 0.115 
35 113 0.281 • 	 0•114.3 
40 135 0•331  
145 • 	 0'379 0.207 
50 0.428 	. 0.2143 
55 . 	 • 	 0•1478 .. :0.282 
60 . 0'525 	. 0.•323 
65 . . . 	 . 	 0.572. •. .0'368 
70 	•. . • 	 0'609. 	. 0.40e 
80 . 	 . 	 . 	 . ,. 0•6714 . 04-1487 
90 0°721 0•554 
100 	. : O!758 : 0616 
• 	
. 	 110 •: .' 	 •. 	 0'794 	 . O'686 
120 	. . 	 . 	 0.819 •.. .•••, 0.7142 
130 . 	 S S• 0.8140 	. 0796 
140 . O'861 0•857 
150 • . . 	 0'876 . 0'07 
160 •• . 	 0.889 O'55 
170 0'901 	• 	• • l'OOLj. 	• 
180 0.909 1'0141 
• 	
• 	 190 	•: • 	 • 	 . .• 	 • 	 •• 	0.'919.• 	. ... 	1.092 
200 0'926 1.131 
• 210. S •. . 	 0.9314.. •1•180 
220 • • 	 • • 	 0'939 	•. 	• 1.215 	
. 
TABLE A LXXIII 
DECOMPOSITION OF NEODYMIUM. CHROMATE (v).AT 6380C 
Time 
t (Mm.) t .33 
Fraction 	
. Decomposed () og 
.0 0 
5 8.5 0'038 0'017 
10 21i4 O'098 O'O45 
15 36,7 0:158 0075 
20 53.7 0'233 0:115 
25 72uu3, 0'305 0'158 
30 0370 . 	 0.201 
35 0'435 	: 0'248 
10 0500 0•301 
15 0.558 0.355 
50 . 0617 0.147. 
55 O'665 0.1475 
60 . 0'702 0•526 
65. 0.730 04569 
0 	. 0.758 O'616 go  . 	 . 0'8O5. 0710 
90 04149 	. 0421 
100 . 	 . . 	 0•875 0•903 
110 . . 0499 0"996 
120 . 0•'917 1o'081 
130 . 	 0.930 1.155 
1140 . 0 •9t2 1 
150 . . . 	 .. 	0955 1.•3147 
160 0967 1•1482 
170 	. . 	 0•977. 	. 1.638 
180 . 0.985 . 1•8214 
190 . 0.992 	. 2.097 
200 . 	 . 	 . .. 	
00,995 2•301 210 i•0OO 
• 	 TABLE.A LXXIV 
DECOMPOSITION OF NEODYMIUM CHRbMATE (v) AT 6500C 
• 	 Time. 
t (Mm.) 
Fraction 
Decompoded (x) L 	]/1-X og  
0 0 0 
5 0.075 	0 0.0314.. 
10 0.167 : 0'079 
15 0'283 0'145, 
• 	 20 '• 	0392 	'. 04216' 
25. 00500 0•301 
30 0.583. 	• 0.380 
35 0.658 ' 0•466 
• 	 140 	• • 	 0.717 ; ' 	 .. 0548 
45 • 	 • 	 . 	 0.762 0.623 
50 . 	 • 	 ' 	 0•792 	. 0632. 
55 0.822  
60 •0.845., 0.810 
65' • 	 0•864 	'. 0'867 
• 	 70 0•882 0'928 
80 	• '' 	 , 	 0.902 	• 1.009 
90 ' ' 	 0.919. 10091. 
100 	• . 	 0'942 	• • ' 	 1•237 
110 0.952 • • 	 1'319 
• 	 120 0.959 • 1.337 
130' • 	 0.967 1.14.82. 
140 	. • 	 .: 	 0.970 	'' 	 0 1.523 
150 • 	 0.975 1•602 
160.., 	• • 	 • 	 • 	 ' 	 0.984 	• •• 	•1'796 
• 	 170 
0 
• 	0.987 • 1.836 	• 
180 0.992 	' 	 • ' 	 2•093 
190 	• 0.995 2.301 
200 •' 	1•000 	• - 
TABLE A 
DECOMPOSITION OF NEODYMIUM CHROMATE (v) AT 6600C 
Time' 
• 	 t 	(Mm.) 	• 
Fraction 
Decomposed (x) 	• 
Lo 	' 1''x • 	 g 
5 0•189 O•091 
• 	 10 	• 0.378 0'206 
15 0'50 	•• 0.347 
20 0.667 0.Li.78 
25 	• • 	 0751 	 • 0'1604 
30 •• • 	 0.813 0•728 
35 O..856 0•8i.1 
Li!O 	• • 	 o.'88 	" 0'932 
45 • 	 •. • 0.908 1036 
50 0921 1•102 
• 55 .O.,914 1•229 
• 	 60 	• 	 • 0•955 1.347 
65 •. 	 • 0964 1'444 
70 0.973 	• 	 • 1.569 
80 	• 0'982 1'745 
90 0'991 2•042 
100; 	
• 
1'000 	• - 
TABLE A LXXVI 
DECOMPOSITION OF NEODYb!IUM 'CHROMATE (v) AT 6700C 
Time 
't '(Mine) 	''' LQg 2/1 
Fiaction 	. 
Decomposed ('x) 
of , ' , 	 ............... .. . 	 . 
5 	. 	 .:. 0•283 	.. 	 . , 0145 
10 0527 0 .325 
15 	' 	 . 2 	 . O691 . O51O 
20 . 	 . 0•789 0676 
25 0 9 846 0y813 
30 0.889 	' 	 . O955 
35 0?918 	.. 	 ' 	 .  1.086 
40. 	. 	. 0934 ' . ' 	 1°180 
145 . ' 	 ' 	 0•949 	'. 1292 
50 0.963 1.432 
55. .. 	O•971 	' 1'538 
60 0.977 1•638 
65 ' 	 . 0.982 	' . 1737 
70 0'988. 1921 
80 	' . . .• 0998 , 2699 
90 	'' . 1O00 , 	
. 
TABLE A LXXVII 
DECOMPOSITION OF SAMARIUM. CHROMATE (v) AT 6500C 
Time 
t '(Miii.) t 221 
Fraction 
 Decomposed (x) X 
0 '0 0' 
5 35'1 0' 0 
10 162 ' 	 0•002  0•001 
15 397 10005 0'002 
20 750 . . 0 4010 0 0 005 
25 1228 	' ., 	0.018 0.009 3Q 
339  :0•028 OO1l4 
. 35 2565 0•0143 0.022 
40 3472 	' 0.053 ;, 	O',027 
45 , 	 14.504 ' 	 0.068 0.035 
• 	50 5685 0.083 0.0142 
55 7020 . 	 0].O3 	. ',. 	 0'052- 
60 . 	 8507 0•125. . . 	 O 065 
65 10150 . 	 •,t 	 0 4, 148 0.078 
• 	70 11960 0175 	' 04085 
80 16060 • 	 . 	 0.220 ' 0'117 
90 	, 2084.0 , 	 O'263 0'1142 
100 , ' 	 0'313 	' 0172 
110 ' 	 • . 	 ' 	 0.361 . 	 ' 	 0'200 
120 0.4.114 0 1235 
130 . 	 . 0•464 	- 0.268 
140 0°508 0'299 
150 - 	 0.552 0.331 
160 , '. 	 ' 	 ' 0.599 	• , 0'367 
170 	', .,. 	' 	 '' ' 	 0'6141 0L$01 
180 ' . 	 '' 0•682 0il.36 
190 ' 0.716 	• 04467 
200 	• .. 	0.749 0.1499 
210 ' 	 • . 	 0•779 •0•530 
220 	, ' , 	 0.802 0.5514 
TAB EA LXXVIII 
DECOMPOSITION OF SAJRIUM IROMATE (v) AT 66200 
Time 
• 	 t 	(Mm,) • 2 o ''t 	' 	'p 
Fraction 
'Dco'mposéd (x) ' 
* 	 0• 
•o,, 0' • •• 0 
5 261-7 0002 0•001 
10 	. 119 0.010 0'003 
• 	 15 251 0 , 018 . 	 ' 0.009 
20 451 0'035 0.018 
25 .711. 0058 0.029: 
0 1031 0.090  
35 1413 0'118 	' O•.061 
• 	
.  40 	' ' 1855 ' 	 0153 O'QBO 
45 2358 0•191 	. . 	 . 	0100. 
50 2924 	, 0.233 0•136 
55 3551 : 	 OP280L •. O'151 
60 4246 . 	 0.319 Q•175 
• 	 65 4992 .0361 0'200 
70 	. 5898' 0'409 00'231 
80 7679 ' 	 0 4 488• 0'284 
.90 ' 9696 0.567 O'31j2 
100 0'646 	•' 	' 04405 
110 . 	 0'76 0467 
120 • • 	 ' 	 0o782 	• 0'533 
130 	• 0824  .0.580 
140 o865 0.632 
150 •• , 	 0.887  
160 00900 0684 
170 0.919 0.715 
180 . * 	 .0.937 • 	 0.749 
190 0 4 950 O•776 
M. 	, • 	 .' 	0e958• 	* 	• O•795 
210' ' 0•967 • 0418 
220 ' * 	 0'•973 	* 0•836 	' 
TABLE A LCIX 
DEcOMPOSITION OF SAMARIUM C1ROMATE ('i) AT 672 00  
1 Time • 1 8 Fraction t (Mm.) t Decomposed (x) 
0 0 0 0 
5' 19•0 . 	0003 0•001 
10 67'6 0'018 0'009 
15. 142 0043 0.014 
20 0, 0;068 0035 
25 362 ' 	0108 0*055 
30 505 0"153 0.080 
35 	. 669 0200 0'105 
L.0 855 0250 0•134 
145 1060 0300 	' 0163 
50 	. 1286 0353 04196 
55 1531 : 	014.0L1 0•228 
60 . •Q1459 0°2614 
65 
. 
. 	01513 0302 
70 .' 0566' 
80 , . 	O666 01422 
90 . 	... , 	0'732 04482 
100 : •. 07914 05 
110 0 ' 081414' 0.605 
120 . 	0869 0638 
130 08914 . 	066714 
1140 . . 0907 0°695 
150 	•' 	 . 	' . . 	0919 0715 
160 . 0932 	' 07140 
0 . 	. . 	0 , 9143 ' 0761 N0 	. 0 0.957 0 4 793 
190 0 0963 . 	0807 
200 	0 0968 	. 0°821 
210 0 
•0 . 	0.973 . 0°836 
220 0 0*977 0°8148 
TABLE A',LQ 
DECOMPOSITION OF SAMARIUM CHROMATE (v) AT 6800C 
Time Fraction 
t (Mm.) t Decomposed (x) 
0'. 0 ' 0 .0 
5 15-4 . 4 0•012 0o006 
10 50•1 ' 	 0.0143 0'022 
15 	' 99'8 . 	 0.095 Q•01i.9. 
• 	20 163 0.163 0.085 
25 238 	: •. 0.:233 O236 
30 3214 0"312 0 '272 
35 1422 '. 	0.399 0.225 
• 	140 529 O.86 	. 04283 
45 '6147 0.552 0.331 
50 773 ' 	 0.631 0•393 
55 909 0691 	. 04414 
60 '10514 0 4745 04495 
65 . 	 0•777 0.528 
0 . 	 0•820 0576 zo ' 0.877 0°649 
90 ' 	 0' 905: 	'... 0692 
100 1 	' 0.927 0"730 
110 ' '' 	 0•939 0.753 
120 0.9148 ' 	 0"772 
130 0 4 958 0.795 
1140 0'968 	.• .. 	 0421 
150 0.977 0.8148 
160 0.980 00858 
170 ' 	0983 	'. 	 . 0°870 
180 , 0•985 .. 0.877 
.190 . 	 . 	 0°987 0486 
200 . •. 0.988 	. .. 	0490 
210 0.990 	' 	 ' 0•'900 
220 . . 	 0•992 . 0•911 
TABLE A LXXXI 
DECOMPOSITION OF SAMARIUM CHROMATE (v) AT 68000 
• 	Time  (Mm..) i''o 
•HFractjón 	. .' 	Decomposed (x) 1 ' 	Xi 
0 .0,.,.,. .0..'. .0 
5 15'4 0'008 	. 0.004 
10 •50'i 0.040 . 0•020 
15. 199s8 : 	. 0.090. 04'OLi.6 
20 '163 O6 150 	. 0.079 
25 . '238 0'220 0117 
• 	 30 . 	324 0"295 .G'160 
35 1422 .0.3714; . 0.209 
40 . 	. 529 . 	0°466 0'269 
45 647 0" 5142 . O'323 
50 	. 	. 773 . 	CY'621i. 0.387 
• 	 55 •9Q9 •• 	 Q6814 0.1438 
• 60 	. . 1054 01•7140 	. 	. 014.90 
65 .. '. 0'.790 ' 0542 
70 . . 	0'•827 	.. 0''58L. 
80 0..875 0'6146 
90 . 	0" 907 , 	0.695' 
100 . 9214 • 0'724 
110 : 	0'9140 	,..: 0'755 
120 	•,. . . 	•.. O.955 0'778 
130 . . 	• 	•. 0' 965 	•.• 	. 0.813 
1140 . 01973 0'826 
150 . 	0•977 	. 0'8148 
160 	" . • 0".980 .., 0858 
170 . 
' . 	0'982 	. 	. 00866 
180 0983 0'871 
190 0'.985 	. 0478 
• 	,, 200 .' 0. 985 • Q'•878 
210 '' • 	0'.987 	• . 	0886 
220 04988 0'955 
TABLE A LXXXII 
DECOMPOSITION OF SAMARIUM CHROMATE (v) AT 6900 C 
Time 1 67 Fraction  t (Mm.) ' t Decomposed (x) 
0 '0 
5 O'027 0•013 
10 46'8 0.085 0'043 
15 °92•1 0'168 0'088 
20 149 O•266. 
25 216 O'374 0.209 
30 293 0e481 0,,280 
35 379 0•589 0 4359 
L.O 0681 0°435 
45 0.752 0.502 
50 0.817 0 1 572 
55 O!862 0.628 
60 0890 O'668 
65 0'909 0'699 
70 0.925 0726 
80 0.948 O'772 
90 0962 Q806 
100 0970 0'827 
110 0!977 0.848 
120 0982 0'866 
130 O'983 0•870 
• 	 0.985 00878 
150 .••. O987,.. 0 1 886 
160 




: •. 	O'990 0.900 
0 • 0.992 0a911 
190 0 0,995 0.929 
200 0.997 0'945 
10 0.998 0.955 
220 0 	 • 0•998 Oa955 
TABLE A LXXXIII 
DECOMPOSITION OP SAMARIUM, CHROMATE (v) AT 7000 C 
Time 
t (Mm.) 1.63 t 
FractIon 
Decomposed (x) 
0 0 10 
13 0.8 5 0 OL9 0 • 025 
10 42'7 0'158 0•079 
• 	 15 82•6 O3OQ, O°163 
2O •].32 0'tLL.9 0"257 
25 190: 0•582 0.353 
30 256 0702 OL51 
35 • O•797 
0857. O622 
45 0•'884 0.657 
• 	 50 0'902 0.687 
• 	 60 Q940 O755 
70 0952 0781 
80 0•960 0800 
90 0962 	: o806. 
100 O•965 0813 
110 '• 0968 0821 
• 	 120 • 0972 0833 
130 0975 0842 
O978 0.851 
• 	 150 0980 O858 
• 160 •• 00962 0866 
• 	• 	
• 	170 	• • 0983 0870 
180 • 	 • 0985 0.878 
190 	• • 0.985 0 4 878 
200 •. • • 	 00'987 0•886 
210 0988.. 0891 
220 0988 	• O91. 
230 	• 0990 .• 0•900 
2L0 • 0990 	S • 	0.900 
TABLE A LCXXIV 
DEC0MPOSITI01 OF SAMA.RIW CHROMATE (v). AT 7109C 
Time 	' . 	FraCtiOn 	. 	. 1-(1-X ) 
t (in.) Decomposed. (x) 
0 o 	.:. 0 
5 . 	0111 	. 0•057 
10 0•316 .' 0.173 
15 . 0.520 0.307 
20 0708 	, 0•1460 
25 0•831 .' 0.569 
.30 0.899 0682 
04930 	, 0.735 
140 0.938 0.751 
45 0'9149 0.7714 
50 0'960 0•800 
55 	'; 0.9614 	. 0'810 0.816 60 0•966 
• 	70 0'967 	• , 0.819 
80 	.' , 	0972 '., 0,833 
90 ' 0•976 	, 0.8145 
100 0.981 0.862 
110 0.9814 	.. ' 0.8714 
120 0.988 0.891 
130 . 	0'991 	, 0'905 
1140' 	. 0.993 •'. ' 	0 97 
150 ' 0•995 	• .0.929 
160 	.' 0•996 0.935 
170 ' 	0.998 	, , 	0955 
180 	' ' 10000 . 11000 
.ALEA 
DEOMOSITION OF SAMARIUM CHROMATE (v) AT 720°C 
Time Fraction 
(x) t (Mm.) Decomposed 
0 0 0. 
5 ..O'18]. : 0'095• 
10 0 0I75 :Q•275 
15 0•721 0 4 472 
20 O•895 Q'676 
25 : 	 • .9.8 :0.•772 
30 0.965 :o83 
35 	. : 	 0.982 . 	 0.866 
4.0 : 	 O996 : 0935 
O'928 :o955 
50 1•000 1q00 
TABLE A 
dA SPACINGS FOR SAMPLES OF MAGNESIUM CHRO?AATE (VI) PARTIALLY JND COMPLETED! DECOMPOSED 
AT620°C 
MgCr% x=O•O].O x=O•].O0 x=O•260 x=O '500 :x=0 '750 x=1•OO McCr2% 
4.82(10) 4.85(25) .85(49) 	.4.80(6o) 4.80(80) 
L.L4(.8) Li.L2(6) 
3.78(20) 3.77(17) 3.78(20) 3•77(20) 3 . 77(17) 
3'53(8) 	. 






333(100) 3.33(100) 3.33(7].) 
3.16(11) 3].5 12) 3.18 18) 3.15(13) 3.16(10:: 
3.05(10) 3.08(6) 3.06(12) 3.03(10) 	.. 3•0L1(IO 
3.02(12) . . 	 .. 
• . 
. .2.950(11) 2.950(20) 
2754(6) 2.763(9) . 
2.730(5) . 	 . 
• 2.734(7) : 	 . 	 . . •• 
2. 667(5) : 
2.571(11 
• . 2.515(18) 2.522 29' 2.522(70) 2.509(76 2.515(100) 
• 2.147(8) 2•1417 10,''  2.147(15)  2'LjOLj.(12 2.141(8) 
2.217(10) 2.202(8) 2.217(15) 2•212 3.5 
2.087(20) 2'090(16 2•0914(100) 2083(100) .2.083(51) 
2.006(6) . 
1•914(6) 1.918(8) 	• 
1.778(8) 
1.7149(10 . • 
1.722(11) 1728(11 . . • .' 
1.681(8) 1.6814(8 
1•667(8) 1•670(8 . 
• 1.605(7 1.605(12) 1.608(30) 1.603(27) 1.605(141 
1.1473(10) 1.1475(21) 1•1475(51) 1•1475(55) 1.1475(55 
Intensities in brackets. 
TABLE A LXXXVII 
40 
dA SPACINGS FOR SAMPLES OF MAESItTM CHROMSTE (vi) DECOMPOSED AT DIFFERENT TEMPERATURES 
MgCr% T=600°C T=6].O°C T=620°C T=635°C T=650°C T=672°C MgCr2O 
x=0°27 x=0'514 .x=O'75 x=1•OO .x=1•00 x=1•0O 
476I(w) 4741(w) 4735(m) 4.735(m) 4•751(m) 4.735(m) 
3e7O(m) 3.675(m) 
vs)3•275(vs) 3•275(s) 3.275(w) 
2.976(w) 
2.480(vw) 2.1480(8) 2.1479(s) 2.1480(s) 2.1480(s) 21479(s) 2'479(s) 
2'379(vw) 
215O(vw) 
2.059(m) 2°078(vs). 2.059(vs) 2.057(vs) 2.066(vs) 2066(vs) 2..Q53(m). 
1.657(w) 1•6147() . 	. 
]..581(vw) 1'592(vw)'  1.593(m) 1.592(m) .1.591(m) 1.5914(m) 1.592(m) 1.587(m) 
1.1462(w) 1466(s) 14i65(s) I.'L.59(vs) 1•Li68(vs) 11468(vs) 1'Li.61(vs) 
1.397(vw 
].•267(vw 





1.078(w) 1.080(w) 1•080(vw) 1'080 in) 
Intensities in brackets: 	w weak; 	in = medium; 6= strong; 	V = very. 
TABLE A LXXXVIII 
I .R. ABSORPTION MAXIMA (cxn) FOR SAMPLES .OF MAGNESIUM CHROMATE (VI) DECOMPOSED 
AT 620°C 
MgCx. x=0°010 x=ø•].00 x=0260 .x=0.500 x=0•750 x=1'00 MgCr2O 
1010w, sh 1005w, sh 1005w, sh 1005w, sh 1005w, sh 1005w, sh 
985s 982s 982s 905s.  985s •988s 
962s 960s. 960s 962s 965s 962s 
















630m 630s 630s,b 
655s,b 
6Li.Os,b 
• 	 .• '.• :: - - •555w,sh 
535sh 50s 9 b - 
500s,h 
445m. 445m 45Ow • 450w 
475m,b 480in,b 475m 
425m 430m 430m 
sli = shoulder w = weak; in = medium; a = strong; v = very; 	b = broad; 
• TABLE A LXXXIX 
I.R. ABSORPTION MAXIMA (cm 1 ) FOR SAMPLES OF MAGNESIUM 
CHROMATE (vi) DECOMPOSED AT DIFFERENT TEMPERATURES 
MgCrO14 MgCr2O14 T=6000C T=6].O°C T=6200C T=672°C. 
x=O•27 x-0'514 x=0'75 	•x=1•00 S 
1010 w,sh 	1005 w,ah 1005 w,sh 1005 w,sh 
985 a 988 8 	• 990 s 	• 900 a 
962 a • 	 960 a 963 a 965 a 
932s 930 s 933 a' 	• 935 8 • 
870 a • 	 870 m •. 	870 m 870 m • 
835 m • 835 m 838 m 8140 




632 w 635 m 635 in 6140' s,b 6140 s,b 
555w, 
5140 s,b 
• • 	 . • 	 • '.510 m 510 in 	" 
• 
515 s,b • 500 s,b 
465w .' 	. S • 1475m' 
445m, .' S ,. .• 	
' .5. 
9 w 1430 W 'LO in 1430 in 
TABLE A XC 
dA SPACINGS FOR SAMPLES OF SILVER CHROMATE (VI) DECOMPOSE]) AT 600°C 
Ag2Cr% x=0•020 x=0•I00 x=O.250 x=0•505 x=0•750 x=1'00 •Ag2Cr20 	' 	 Ag 
6.15(3) 6.11(6) 6.11(8) 6.11(23) 6.15(20) 
6.07(20) 
5.01 9 5.014(7) 5'OLi.(8) 5.01(2 
14.O8 8 Lj..08(6) L*16(7) 
3•512 
3.10(3) 3.08(9) 3.08(24) 3.08(56) 308(60) 3•08(60 
306(60 
2.858(100) 2.858(100) 2•876(100) 2.858(100) 2.876(100) 2•858(82 
2.8141 72 2858 90) 
2•763 30 2.763(29) 2 .771 14.3) 2.763(28) 2.763(314.) 2.763(28) 2•Th6(6) 
2•652 10 2.659(8) 2•659 7) 2.652 (7) 2.652(10) 
2•556 9) 2556 17 2•5L4.9(3O) 2556(36) 2 . L.2(3L1.) 
• 214.88 5) 2'Li.88 21) 2:4i.88 60 24.81(100) 2.488(100) 2'Li.75(100) 
2.356 6) 2•356 22) 2•356 57 2.350(88) 2•356(914.) 2.359(100) 
2.287(10) 2•293(9) 2•293 14.) 2.293 7) 
2.2514(7) 2•2514. 33)' 2.25L1.(L.2) 2.2514(14.6) 2•2514.(58) 
2117 3) 2'122 9) 
2.014 6) 20145(14) 20L.5 19) 2'OLi.].(26) 2•041 36) •2•036(36) 2.014(14) 2.014.9(8) 	2•OLi4(Li.0) 
'1.9914. ].L) 1.99L1.(12) 1•9914. 11.4.) 1.994(13) 1.9914. 7) 
• 1.888 5) 1.888(3) 1.895 6) • 
1'814(12) 1.848(8) 1.845(5) 
1.756(6) 1•756(6) 1.756(9) 1.756(7.) 
1.722(7) 1•722(21) 1.716(28) 1.722(39) 1.716(49) 
TAE A.XCI 
I R. ABSORPTION MAXflIA FOR 8AMPL1Z OP SILVER .CHROMATE (VI) DECOMPOSED AT 600°C 
Ag2CrO 	x=0°020 Ag2Cr2O x=O'].00 x=0'250 x=O'505 x=0'750 x=1•OO 
865  





800 in 	800 in 800 in 800 w 800 w 800 w 	• E 
650 w 660 w 	q, 	660 W 
A 
- - - T 





TABLE A XCII 
dA SPACINGS FOR SAMPLES OF SAMARIUM CHROMATE (VI) DECOMPOSE]) AT 580 9C (FIRsT STAGE) 
Sm2 (CrO1 ) 3 x=0.O10 x=O•100 x=0•260 x=0•500 x=O•750 x=10O SmCr0 Cr203 
6•56(35) 656(75) 6.56(60) 6.51(48) 6.56(17) 6•5]. ii) 
5.37(82) 5.3L1.(100) 5 . 37(87) 5.37(37) 5•I0(20) 5.3L. 9) S. 
LV77(26) L.8o(3O) 1...77 30) 14.80(28) 1.77(27.) 
Ls."50(Li.0). Ii..53(Li.5) 	. 14.'53(50) L•5O(2O) L..50(12) Li.•14.8 	11) 
3.82(5) 
3•62(100) 3•62(100) 3•63(100)  3.62(100) 3.63 (100) 3.63(100) 3•63(55). 
.3.57(50) . 
3.51(100) 3.51(75) 3.14.9(7].) 3 .14.8(37) 3•Li9(17) 3.1.s.7(3) 3.14.7(3) 5 
3.26(18) 5 . 
3014(61) 3.06(60) 3.05(92) 3•0(37) 3°05(15) . . 
2950(20) .. .. 
2•885(11) 2.885(12) 2•894(9) 
2'841(61) 2'8141(42) 2.849 40 2'849(12) 
• 	 . 2•797 22 
2.683(41) 2.698(35) 2•706 63 2.698(61) 2'706(64) 2.698(70) 2.698(62) 2.706(73) 
• . . 
. 2•667(100) 
2.571(30) 2.5614(18) 2•56ti.(20) 2.556 18) 2.5614(25) 256Li.(].9) 
2.14.61(20) 2.1468(30) 2.14.75(14.7) 214.68(19) 2.14.75(114.) 2.481 11 ) . . 2•1481(67) 
2.455(14) 2•1468 11) 
2•392 8) 2.392(3) 
2.260(17) 2.251i.(12) 2•2514. 15) -2•260(12) 2.260(16) 2'265(20) 
2'181(114.) 2.181(12) . 2•176(30) 
TABLE A XCIII . 
dA SPACINGS FOR SABPLES OF SAMARIUM coi 	(VI) DECOMPOSED AT DIFFERENT TEMPERATURES 
:. . 	•. 	 . STAGE) 	...... . . . 
Sm2 (Cr%) 3 T=512°C T=5200C T=530°C T=5Li.3°C T=5500C T=562°C SmCrO11, 	Cr203 
656(35) 6.147(38) 6.L.7(21) 
5.37(82) 5'34(614) 5'314(29) 5'37(14) 
528(114) . 
14e7Li.(27) 14'714(31) L7I4(27). L7Li.(25). 14'714(32), 	. 1477(21); 
14•50(14.0) t•146 20) 
.3.57(50) 3•60 100) 3'60(100) 360 100) 362(100) 3960(100) 3.60(100) 3.63(100) 	3.63(55) 
3•51(100) • 35]. 60) 3.149 19) 
3.014(61) 3 1 01 38) 3•02(26) 3'05 Ii) 
•. 3•02(7) . 	• 0 - 
2876(l1) 2876(11) 2.8914(9) 
2.683( 14) 2'683(h1) 2690(66) 2683(63) 2'690(70) 2.683(68) 2.690(70) 2.706(73) 
• . . . 	.•. 
. .2.667(100) 
- 	




* 	. 	 1.902(16 
1.853(32) 1.852(1414 1'855(26) 
21481(67 2. 
	
2.2514(15) 2 1, 2514(11.) 22514(15) 	2260(16) 2•265(20 
2 1 176(30.) 
2.032(10) 2027(11) 2.027(10) 	2°032(10, 
1.910(10) 1.910(13) 1.910(12) 1°9114(11 
1855(147) 1.855(55) 1.852(50) 	1.859(57) 
TABLE A XCIV 




SmCr% 	C7203 x=0•010 1=0•100 x=00260 x=0•500 x=0•750 x=1•00 
1000 w,sh 1000 w,sh IQOO.w,sh 1000 w,sh 1000 w,sh 1000 wsh . . 	. 	. 
965 B 970 s 965 s 970 w, sh 
935 s 938 S. 910 8 '935 s 91i.O m 940 m 
920 m . 	922 m 915 w . 	. . . 
855 v 860 1 	: 850 w.. .. 850 m,b • 
770 s,b 775 s,b 770 s,h 770 s,b 770 s,b 760 s,vb 770 s,vb 790 s,vb 
61prn 610m. . '610w .618 s 
w 51j.5 in 5L.5 in ,514.O in 550,8 
455 in 450 in 455 w 455 w 455 w 455 w 445 w 440 in 
432 in 102 w 435 w 430 w 435 w 
Reference for spectthn of chromium (III) oxide:- 
Marshall, Mitra, GleIlase, Plend]. and Menur (1965). . . . 	. .. 
TABLE AXCV 
I • R. ABSORPTION MAXIMA FOI SAMPLE$. OF' SAMARIM CHROMATE (VI) 
D1COVIPOSED AT DIFFERENT TEMPERATURES (FIRST STAGE) 
Sm2 (Cr%) 3 T=5120C T=5300C T=5500C 	SmCiO Cr203 
1000 w,sb 998 w,sh 
965 a 950 a 950' a 
935 a. 939's 
920ni '920m '. 
855w 860w 
770 s,b' 790 s,b 790 s,b 788i a,,vb 	790 a,vb 
616w' 618.a 
•542m. 	' 550a 
455m 450m 45w 440m 
TABLE A XCVI 
dA SPACINGS FOR SAMPLES OP SAMARIUM CHROMATE (vi) DECOMP0S1XD AT 720'C (SEcoND STAGE) 
x=0 x=00]. x=0•100 x=O•263 x=0°5].1 	•x=0755 x=1'00 SiaCrO3 	Cr203 





.3.85 26 3.85(30) 3.82(28) 
3.63(100) 3.62(100) 3.62(100) . 3.62(100) 3•62 .83) 
3.144 16) 
363 39 
3.144 18 3.43(12) 
3'63(55) 
3.143(12) 
2•894(9) 2.885(12) 2.885(15) 2.885(11) . 
2.71.46(214) 




2•7Q6(73) 2.706(62) 2.706(71) 2.698(81) 2•98(I00) 2.7o6(1O0) 2.7Lj(100)2'706(1O0) 
2.667(100) 
2.585(12) 2.578(9) 
2.5614(19) 	. 2564(21) 2564(22) 20564(23) 2.564(17) .. 	 . . 1. 2481.(67) 
2.260(16) 	. 2.260(16) 	2.254(13) 	2°254(1) 	.2•.25412) 2.238(11.1) 2•233(11) 
2.202(16) 	2.202(11.1.) 2.191(13)23.76(30) 
2.032(10) 	2 .036 12) 	2°032 9) 	. 	2•027 114. 	2.032(10) 
1.914(11) 1918 9) 1.918 18) . 1.918 16 1'914(30) 	1918(35) 	1.918(26) 1.914(28 
1.859(57) 	1.859 47) 	1•859 53) 	1•859 55 	1.855(51) 1•859(34) 1.859(14) 14859(10 
TABLE A XCVII. 
a.X SPECINGS FOR SAMPLES OF SAMARIUM CHROMATE (VI) DECOMPOSED AT DIFFEREIT TEMPERATURES 
(6BC0ND STAGE) 
SmCr% T=660
0C T=670°C T=68L.9C T=6909C .T=720°C SmCr03 	Cr203 








3.83 10) 3.82(23) 
4'74 9) 
3.82 25 
3•62 25 1 
3.82(21) 3.82(28). 
3.63(100) 3•60 100) 3.:47(3) 
3•62 100) 3•60 91) 3.62(38) 
3•ti.3(15) 3.43(11) 3°43(12) 
3•63(55) 
3.43(12) 
2'894(9) 2.885(12) 2.885(15) 2.867(12) 9.77J(90 2.7h6(23 2.746(18) 
2.706(73) 	2.698(62) 2.690(80) 	2'698(100) .i66) .100) 2706100) 2'706100) 2.667(100) 
2.571(8) 
2.564(19) 	2.564(25) 	2.556(19) 	2.556(21) 	2.556(13) 2"Ls75(9) 
2.260(16) 	2.260(12) 	2'254(13) 	2.254(17) 
2'227(9) 	2•227(8) 	2•233(11 
• • 	 . 	. 	2191(16) 2.196(19) 2.191(13 
2.032(10) 	2.032(10) 	. . 
1.914(11) 1.914(11) 191O(7) 	1•914(23) 	1•910(27) 	1.914(28) 	1•91O(2.) 	1.9lLi.(28 
1•859(57) 	1•859(55) 	1•855(53) 1.852(50) 1.859(29) 1.855(19) 1.859(12) 1.859(10 
2.481(67) 
2.176(30) 
TABLE A XCVIII 
I.R. ABSORPTION MAXIMA FOR SAMPLES OF SAMARIUM CHROMATE (vi) DECOMPOSEI) AT 7200C (SECOND STAGE) 
(KBrdJ.sk) 
• 	x=0 .x=0'Ol x=0'100 x=0•263 x=0'511 •x=0755 x=1•00 SinCrO3 Cr203 
840 w,sh 840 w,sp 840 w,sp 830 w,sp 840 w,sh 840 w,sp 
780 s,vb 780 s,vb 790 s,vb 780 s,vb 790 s,vb 785 m,vb 
608 w 608 w 608 w 610 w 610 m 608 m,sh 610 m,sh 620 s,vb 618 a 
580 m,vb 585 s,vb 585 s,vb 585 B,Vb 590 s,vb 
550 w,b 550 w,b 555 w,b 
550 a 
505 w, ah 505 w, sh 505 w, sh 505 m,b 
470 ms vb 470 in, vi, 470 8, vb 475 s ,b 
1440 w,b 1440 in 
TAH[E A XCIX 
I • R • ABSORPTION MAXIMA FOR SAMPLES OP SAMARIUM CHROMATE (VI) DECOMPOSED AT DIFFERENT 
TEMPERATURES (SECOND STAGE) 
SinCr% 	x Cr203 = T=6600C T=6700C T-6900c T=7200C SmCx'03 
790 s,vb 	770 s,vb 778 s,vb 780 m,b 780 in,b 
610 w 615 w 615 in,b 615 s,b 615 s,b 620 s,vb 618 s 
575 w 580 m,b 580 s,b 582 s,vb 590 s,vb 
5L.0m 550s 
500 w 500 w,b 500 m,b 500 m,b 505 m,b 
465 w 167 w,b 465 s,b 465 s,b 475 s,b 
445 W 440 w,b 440 in 
3.65(50 













3.19(100) . 3.19(100) 





dA SPACNGS FOR SAMPLES OF LANTHANUM CffiOMAT (VI) DECOMPOSED AT 59000  (FIRsT STAGE) 
La2 (Cr%) 3 x=0•010 	x=0.102 	x=0.252 	x=O•14.78 	x=0'750 	x=1•00 	LaCr% 	Cr203 
l0'6(20) 
9.5020 	- •. 	 . 
6•56 90 6.61(90) 6.61(90) 	6.61(75 
5.44 80 	5.14.7(75) 	5.44(85) 5.47(60 




















- 5.47(50) - 5'47(32) 
4.82(15) 	4.82(10) 
14.58(17) 
4'35(15) 	4.35(25) 4.35(20) 4.33(20 
4•17(5) 4 .15(15 
362(28) 3.59(20) 
3.40(6.) 339(80) 
3•20 100), 3.18(100) 
3•08( 20) 3.07(18) 




2 667 (ioo) 
2.522(38) 2 . 522(50) 	2522(30) 	
- 	29481(21) 	 2.481(67) 
2•298(15) 2•298(30) 	
. 2.303(12) 2•260(14) 2•254(12) 	 2'265(20) 
2.212(25) 	2.222(30) 2'227(33) 2 . 227(32) 2.222(28) 2.217(25) 
TABLEACI 
ciA SPACINGS FOR SANPLES OF LANTHANUM CHROMATE (VI) DECOMPOSED AT 
DIFFERBiT TEMPERATURES (FIRST STAGE) 
La2tr%)3 Cr203 T=5720C T=5800C T=620
0
C LaCz% 
x=0•085 x=03140 x=1•00 
10.614(20 S 
9.50(20 
6.56(90 6.61(0) 6.61(75') " 
5.1414(80 5Li4 .5.147(75) 5.14.(i14) 
14.82(9) 
14.58(50) 14.58(36) 
14.35(1Q) 141, 35(20) 14'33 20 
• • •. 14o1517 
3.65(50) 3.68(60) 3.62(100) 3.62(28) 3•59 20 3'63(55) 
3'60'(].OQ) 
3.51(50) 3.148(25) 
3.140(25) 3.140(142) 3.140(614) 3.39(80) 
3272)' 3'20(100) 3'18(100) 
3.07(18) 3.09(100) 3.10(100)  3.08(18) 
2.950(30) 2°950(72) 2'950(614) 2.950(82) 
2.8914(30) 2•912(145) 
2.722(15) 2.722(214) 2.722(21) 2.7114(25) 
2.667(15) . 2.667(100) 
2.529(37) . 2.535(142) • 2•5149(21) 2•535(214) 
5 	
5. 
 2'495(12) 2.1481(67) 
2.31414(10) 
2.2514(12):. 
, 	 , 
2.265(20) 
2'222 30 2222 25. 2•217 25 
2'176 13 2'17619 2'176 19 2.176(30) 
2.010(25)' 2•002 30 2•006 26 2002 20 
6 
TABLE A CII ' 
I .R. ABSORPTION MAXIMA FOR SAMPLES OF LANTHMUJM CHROMATE (VI) DECOMPOSED AT 590°C (FIRST STAGE) 
La2 (Cr014)3 x=O•0]. x=0102 x=O!252 =QT178 x=750 x=]'OO LaCr% Cr203 
1000 w, ah 1000 w, sh 1000 w, sh 1000 w, eli 995 vr, eli 995 w, eli 
975 in 980 in 980 in 975 w 
930 w 935 w 935 in 930 in 930 w 930 W.  
920 s 918 8 920 s 918 w 
900 w, eli 900 w 900 w 900 w 
850 w 855 w 855 w 855 w 850 w 850 w,sh 850 w,sh 4 850 w,sh 
825 w 820 w 820 w 820 w 
790 s,b 800 s,b 795 s,b 790 s,b 790 s,b 790 s,b 790 in 810 in 
725 w 725 Vt 725 in 720 e 720 8 725 s 
615 w 615 w 610 in 618 s 
555w 550w 550 W 550 8 
453 in 450 in 450 y, 450 w 452 w 440 in 
TABLE A CIi] 
IR. ABSORPTION M.AXIMA FOR SAMPLES OF LANTHANUM CHROMATE (vi) 
DECOMPOSED AT DIFFERENT TEMPERATURES (FIRsT STAGE) 
La2 (CrC 11) 3 Cr203 T=572 0C T=5800C T=620°C LaCr% 
x=0•085 x=0'3110 x=100 
1000 w, sh 1000 w, sh 1000 w, sh 
980rn 980jii 
930 w 935 w 930 w 	
. . . 
920 a 916 6 920 a 
900 w,sh 
850 w 855 w 855 w 	. 850 w,sh  850 w,sh 
825 W 	:, 820 w 820 w 
790 s,b 795 s,b 790 s,b 800 m 810 
725 W 725 m 	. 725 a 725 a 
610w 618a 
550w 550s 
















































3065 .201  
3•141 25 






















2.763ç100) 2 .739(100)  
2•673U4) 	 2.667(100) 
2.1475(6) 2.1481(67 
2.2149(18) 2•233(18) 2265(20 
TABLE A CIV 
dA.SPACINGS FOR SALES OF LANTHM1JM CHROMATE (VI) DECOMPOSED AT 6500C  (SEcoND STAGE) 
x = 0 	x=0010 	x=0•l00 	x=0•274 x=0508 	x=0'774 	x=1'OO 	LaCrO3 
5.1414(1I.) 	 5.li7(9 
14'82 15) 14.80(20) 	14.80(114.) 	 14.85(6 





















19141(146) 1.9149(144) 1.9145(36) 1.9149(36) :1933(314) 
1•918(10) 
2.0114(114) 2.010(9) 
TABLE A CV 
o 	- 
dA SPACINGS FOR SAMPLES OP LANTFIANWi CHROMATE (VI) DECOMPOSED AT 
(CQ 	STAGE) 
DIFFERT TEMPERATURES 
LaCr% T=630°9 T=640°C T=660°C 1%=651 0C LaCrO3 	Cr203 





4°82 15) 482(1O) 
.4.33(20.)' 433 20)° 4.35(10) 14..33(8)a 	.. a 
a 	4,15(15) 4•'I7 5) 4.19(). . . 
a 348(16)' 3.90(19.) 3.92(21) 3.85(18) 





3.14.0(65) 3•Li.0 21 3.40(7) 
3 .°18a(100) 318 80 - 3•18(60)' 
3•07(18) 3.08 20) 308.(25) 3•08. 12'  
2.950(82) 2.950(81) 2-.96O(83) 2.950(29)  2.960(7) 
a 	
. •. 	. 
2.667(15) 
2.746(80)" '27l6(1OQY2"754(10)  2.763(100)  2.730(100) 
2.667(15) .21.667(10) 2 -.'667(4) 2.673(4) 2•667(100), 
2'-535(24') 2542(22) 2.549(20) 2-•5142(10). 
2.1481(13') 2•475(10) 2.1481(6) 2.1481(6) 	. .- 2475(6) . 	 2.481(6.7 a 2.254(13) 2•2.5Li.(22) , . 	 " .. ., 	2.265(20 	.. 
2.233(20) 2243(17) 2•249(18) 2.233(18) . 
2•,217(25) 2.222(28) 2.222(37)  
a 	.2 - 176(19) 2•176(13' .2.'176(22)' . . 	 .. 
2.006(40) 2.006(32) 2'06(35) 2.006(17) 
1.965 ( 6) 
1.937(30) ' 1.937C26) 1.914(48) 1.914(35) 1.914(34) 1949(36) 1.933(34) 
TAL1 A CVI 
I .R. ABROR?TION MAXIMA FOR SAMPLES OF LANTHANUM CHROMATE (vi) DECOMP( ED AT 6500C (SECOND 
STAGE) (KB  Disk) 	
V 
x 	0 V  x=0•01 V x=O•100. 	V V  x=0'275. x=0508V x=0•775VV x=1•00 	LaCrO3 Cr2O3 
840 w,sh 840 w,sh 8140 w,sp 8140 w,sp 840 w,sp 840 w,sp 
810 in 810 in 810 in 810 in 810 in 810 w 




610 w 603 
V 
w 605 w 605 m 9 v6 
V 







555 w 560 w 560 w,sh 550 a 
V . . 
V 	 • VV •V 
V 14140m 	
V 
145 w,b 143 w,b 145 m,b 415 s,vb 1415 s,vb 1415 s,vb 1410 in 
TABLE A CVII 
I • R • ABSORPTION MAXIMA FOR SAMPLES OF LANTftWUM CHROMATE (VI) DICOMPO SLI) AT DIFFERENT 
- 	 TEIPERATURES (SECoND STAGE) 
LaCr% x = 0 T=630°C T=6Li.0°C T=669°C' T=651°C LaCrO Cr203 
x=O•304 x=0579 x=0'859 x=1•00 c 
850 w, sh 850 w, sh 840 w, eli 820 w, eb. 830 w, sh 
810 in 800 in 795 in 800 in 800 in 
725 s 725 s 725 a 725 8 725 w 
610 w 610 w 620 w 620 w 630 s,b 	640 s,b 618 a 
550 w 560 w 570 in,b 570  m,b 572 s,b 	580 s,b 
550s 
425 w 1i20 w 
120 w 422 w 	r 440 in 
410 w 410 'vi 	-. 410 w 410 .m 
TABLEA.CVIII 
d SPACINGS FOR SAMPLES OF NEODYMIUM CHROMATE (vi) DECOMPOSED 
AT 6200c (SEcoND STAGE) 
NdCrO x = 0 x=0°01 x=0•10 x=O'25 
14.80(28) 4.80(25) 4'80(28) 4.80(28) 4.80(22) 
3.65(100) 3.65(100) 3 4 63(100) 3.63(100) 365(100 
2'903(10) 2.903(12) 2.903(8). 2•89Li.(1O) 2.903(10 
2'7114(70) 2'714  67) 2'7114. (66) 
2•8].14. 6) 
2.7114. 76) 2'722 81 
2•652 8) 2'652 6) 24652 6) 2'667 10 
2.578(18) 	.. 2•578 25) 2'578 (21) 2578 18) 2.585 2 
2•L75 6) 2'L.75 6 
2.392(6) 2.392(7) 2•14014. 5) 
2.276(18) 24265(13) 2.270(15) 2'276 15 2'276 15) 
2'0L.9 13 2'051i. 10 2'015 12 	) 2.024 8) 
1•933 12) 1'933 13 1'926 12 1•933 11 1'929 15 
1•873 52) 1•873 59 1870 50 1.873 50 1.873 14.9 
1.8214. 18) 1.827 17 :L•821j. 16 1.8214. 111. 1'8214. 16 
x=0.'50 	x-0'75 	x=1'00 	. NdCrO3 	Cr03 
14.8016 144 80 ) 
3.85 15 3 4 85 20) 3.83(29) 3.85(20) 
3465 61 3•65 32) 3.63(55) 
3'1i4(7) 3•143(12) 
3•0l415) 
2'71L1.(100) 2•71 (100) 
. 
2.7114(100) 2.730(100) 
2.652 10) 2.667(8) 2.652(8) 2'667(100) 
2'578 6) 2.585(11) . 
2•1.75 6) .2•14.81(6) 2'1468(6) .. 	2.14.81(67 
2'276 11) 2•265(20 
2.227(11) 2.228(9) 2'227(1L) 
2.217(13) 2°212(18) 2•217(17) 	- 
I!U 	. 	±:ggg3.' 
TABLE A CIX 
I.R. ABSORPTION MAXIMA FOR SAMPLES OF NEODYMIUM CHROMATE (VI) DECOMPOSED AT 6200C (SEcoND STAGE) 
(KBr disk) 
x=0 x=0•0]. x6'100 x-O°25 x=050 x=0•75 x=1•O0 NdCrO3 Cr203 
8I0 w, sh 840 w, sli 835 w, all 850 w, all 840 w, all 
765 s,vb 770 s,vb 770 s,vb 770 s,vb 770 s,vb 770 m,vb 
670 m,sh 
617 w 618 w 618 w 618 w 618 m 618 s 618 m,sb 625 s,vb 618 a 
580 w,b 585 m,b 585 s,b 585 s,b 580 s,b 
560 w,b 560 w,b 560 w,b 550 a 
490 w,sh 1490 m,sh 492 s,b 









.'1 A t 	 • 	St 	 P ' b 
S 
C 	 - - 
440m 
TABLE A CX 
dA. SPACINGS FOR SAMPLES OF LANTHANUM CHROMATE (v) DECOMPOSED AT 6700C 
LaCr% x=O•O1 x0•096 x=0'2147 x=0•505 x=0•750 x=].•OO 	LaCrO3 
14.33(20)... 14.33(20) 14.33(30) 14.33(23) 
14.15(15) 14.15(10) 
3•88(23) 3.88(18) 3.88 214.) 3.88(20) 	3.85(18) 
3.59(20) 3.60(20) 362(28) . 3.62(23) 3.62(12) 3•62 7 
3.528 
• 	3.39( 80) 3•38 80) 3.140(63) .3.40 60) 3'39 27 3•1.O 13 
3°18 ioo) 3•18 ioo) 3.20(100) 3•].9 ioo) 3•19 142 320 16 
307 18) 3•05 16) 3.08(214) 3.08 22) 308 10 
• 2.950(82) 2•9145(86) 2°950 69 2950(68) 2950(33) 2960(13) 
• 2735 50 2.738(67) 2•738(100) 2.7146(3.00) 2.7146(100)2°730(100) 
2.7114(25) 2.712(20) 2•706 27 
2.535(2 14) 2 . 535(20) 2•535 25 2•5142 ILi.) 
2•260 25) 2•25L.(14.6) 2•2149 22) 2.2149(21) 2.21i.3(15) 2233(I8) 
2.217(25) 2•217 20) 2.227 33) 2•222(IO) 2•227 22) 
• 	 2176 16 21714 15 2.186 13) 2.176 12) 










1.9141(148) 1.9145(140) 1•9145(35) 1.933.(34) 
1°918 214 1•915 22 1926 2]. . 
1.838 214 1.838 20 1838 214 1.838(18) . . . 
Li 
• .. 	 TABLE.A CXI. 	•• 
dA SPACINGS FOR SAMPLES OF LANTHANUM CHROMATE (v) DECOMPOSED AT DIFFERENT TEMPERATURES 
LaCrO14 T=6509C T=663.°C T=6700C T=678°C T=6800C T=6890C LaCrO3 
x=0•366 x=0•677 x=0'822 x=0°902 x=0°9214 x=100 
14.33(20) 14.35(20) . 	 . 	 . .. 
14'15(15) . 
388 18). 3.90 23) 3'88 19) 390(21). 3.90(21) 3.88(23) 3.85(18): 
3 . 59(20) 362 30) 3.62 9) 362 7) 	. . 
3.18(100) 3°20(100) 3'22 214) 	. 3•19 10) 320(15) 3.20(5). 
307(18) 3•08 23) 3.09 10) 
2°950(82) 2.950(67) 2.960(11) 2.950(9) 2.960(6) 2.960(6) 




2•243(16) 2.2143(19) 22143(15) 2214.3(15) 2.2143(15) 2 .233(18) 
2.217 25 2•227(36) . • 
2176 16 
2•014 20 . 
2006 29 1.9914(10) • • 	 . 
1.937 30 1.9145 62) 1.9145(39) 1,914(140) 1.914.5(35) 1•9145(35) 1.9145(31) 1•933(34) 
1.918 214 1.918 18) 
1.838 214 1.838 18) 1.845(7) 
TABLE A.CXII 
I.R. ABSORPTION MAXIMA FOR SAMPLES O' LANTHANUM CHROMATE (v) DECOMPOSED AT 67O°c 
(KBr disk). 
LaCr% LaCrO 3 z=0•01 x=0•096 x=0•247 x=04 505 x=0•75 x1•00 
860 w,sh 860 w,sh 860 w,sh 860 w,ah 860 w,sh 860 wish 
842 w,sb 
812 in 815 in 815 in 815 in 815 in 815 w 
731i s 735 s 735 s 735 a 730 s 735 in 
6,40 s,b 
600 w,sh 600 w 600 s,b 600 s,b.600..s,vb 
580 s,b 
1420 w - 420 w 145 in 415 s,vb 	415 s,vb Aban 
- 
below 
500 cm1 - 
TABLE A CXIII 
I.R.. ABSORPTION MAXfliA FOR SAIPL3S OF. LMTHAUM CHROMATE (v) DECOMPOSED AT DIFFERT 
TPERATURES (KBI' disk) 
LaCrO T=650°C T=6600C T=670°C T=6780C T=6800C 	T=6890C 	LaCrO3 
x=O366 x=O•667 x0822 x=0'903 x=O'924 x=1'O0 
860 w, eli 860 w, eli 860 w, eli 860 w, eli 860 w, sh 860 w, eli 
8142 w,sp 8140 w,sp 
812 Im 815 m 815 m 815 w 815 w 815 w 
735 8 735 a 735 m 6140 s,b 
600 s,b 600 s,b 600 s,b V 600 s,b 
V 	600 s,b 	- V  600 s,b 	
V V 
580 s,b 
hiS w,b 	5 s,vb 	415 s,vb 1415 s,vb 	1415 e,vb :1415 s,vb Absn 
V 	
V 	 V 	
V 	 below 
V 	
V 	
V 	 500cm 
TABLE A CXIV 
V 	
d.A SPACINGS FOR SAMPLES OF NEODYMIUM CHROMATE (v) DECOMPOSED AT 630C 
V 
NdCr% NdCrO3 x=00]. x=0•100 x=0•252 x=0•522 x=0"75Lj. x=1'00 
• 	14.80(28) 14.80(26) 14.77(28) 	
V• 
4'80(22) 14.80(11) V V 
• 	
V 	 V V 3.87(19) 3'83 22) 3.83(29) 3.85(20) 
V 	
V 	3.65(100) 3.65(100). 3.63(100) 3•65(73) 3065(143) 3•63  ~ 14) V V 















• 	 V 
2.730(100) 
V 	2.578(18 2.578 21) 2.578(31) 2.578(26) 2.578(13) 2.578(8) V 
V 	
V 
V 	 VVV V 2.222(11) V 2.212(12) 2.217(114) 2.217(17) V 
• 2.276(18) • 	 2.276(15) 2.276(21) 2•276(12) V V V 
2•0149 11 2.0145 12 	V 2.0145 12 
V 
V 
• 	1.933 12 V  ].•933 12 1•929 21 1.929 2]. 1•922 30 1.926 (32) 1.926(35) 1.926(32 V 
V 1.873 52 1 0 873 53 1.873 72 	
• V 
 1.873 39 1.873 25 1.87316) 1.866(10) 1.870(10 
1.821. 18 1.8214 114 1.8214. 28 18214 16 1.8214 11 1•8214 8) 
0 
dA SPACINGS FOR SAMPLES OF NEODYMIUM CHROMATE (v) DECOMPOSED •AT DIFFERENT TEMPERATURES 
NdCr% T=620°C T=6180C T=611°C T=630°C T=6200C T=650°C NdCrO3 
x=0'718 x=0•865 x=0•906 x=0•924 x=0.964 x=1•00 
4.8O(28) 4•80(8) 
3.85(24) 3.83(20) 3.85(29) 3.83(25) 3.83(23) 3 . 85(26) 3•85(20) 
3.65(100) 3.65(22) 
3.45(9) 3.43(10) 3.45(8) 3.45(10) 3'44(9) 344(9) 
2.903(10) 
• 	2.734(70) 	• 2.7114(100) 2•714(100) 2.734(100)  2.7114(100)  277]4(100) 2.722(100) 2.730(100) 
2 . 578(18) 2.578(10) 2.578(8) 2'585(9) 
2.276(18) 
2.212(18) 	• 2.22(12) 2.212(18) 2.212(15) 2.217(17) 2.217(17) 
10933(12) 1.926(34) 1•926(37) 1.926(32) i926(33) 1•926(34) 1.926(39) 1.926(32) 
1'873(52). 1.873 (20) 1.870(12) 1.873(9) 1.870(8) 1.870 (8) 1.873(9) 1.870(10) 
1.8214(10) . . . 
• 	 I.R. ABSORPTION MAXIMA FOR SAMPLES OP1NODYMIUM CHR0IAA!IE (v) DECOMPOSED AT 6300C 
• 	 (KBr disk) 
NdCr0 	x=0'O10 NdCx'03 x=O•100 x=O'250 x=O•522 x=0•754 x=1•00 
835 w 	810 w, sh 840 w, sh 840 w, sh 8.40 w 9 sh 840 w 
780 s,vb 	780 s,vb 780 s,vb 775 s,vb 780 s,vb 780 zn,vb 
625 s,vb 
590 w,sh 590 in,vb 590 s,vb 590 s,vb 595 s,vb 580 s,b 
495 w,sh 495 w,sh 495 w,sh 495 w,sh 492 s,b 
L62 w,vb 463 m,vb 463 ni,vb 462 m,vb 463 m,b 
TABLE A CXVII 
I.R. ABSORPTION MAXIMA POR SAMPLES OF NEODYMIUM CHROMATE (v) bECOMPOSIM AT 
DIFFER1T TEMPERATURES (KBr. Disk) 
NdCr% T=620
0
6 T=618°C T=6110C T=6300C T=6200C NdCrO3 
x=0718 x=O.865 x=0'906 x=O•924 x=0•964 
835 w 840 w, sh 840 w, sh 840 w, sh 840 w, eli 8140 w, sh 
780 s,vb 775 s,vb 770 w,vb 775 w,vb 780 w,sh 780 w,sh 
625 s,vb 
590 s,vb 590 s,vb 590 s,vb 590 s,vb 590 s,vb 580 s,b 
1490 w,sh 495 w,sh 495 w,sh 1490 m,sh 1495 zn,sh 1492 s,b 
1465 a,vb 1463 rn,vb 1463 in,vb 1463 In,vb 1463 m,vb 1463 in,b 
TABLE A CXVIII 
dA SPACINGS FOR SAMPLES OP SAMARIUM CHROMATE (v) DECOMPOSED AT 670°C 
SmCr04 x=0010 x=0•I00 x=O•262 x=0 4509 x0 4 755 x=I'OO SniCrO3 
4.77(21) 4.77(37). 4'77(33) 4'74(23) 4•74 21) 
3.83(23) 3.85 22) 3.83(25) 3.85(29) 3.82(28) 
3'63(100) 362(100) 3.62(100) 3.62(100) 362 30) 3"62(18) 
.3•141(14) 3.43(14) 3.45(18) 3.43(11) 
3.23(10 
319(10 
2.8914(9) 2.885(19) 2876(10) 
2.746(214) 2.754(24) 2.746(i8) 
2•706(73) 2.698(65) 2.698(69) 2.690(100) 2.706(100) 2.706(100) 2.73.4(100) 2.706(100) 
2.578(9) 
2.5614(19) 2.556(29) 2.556(19) 2.549(25) 2.564(17) 
.2.260(16) 2.254(20) 2.254(16) 2.249(20) 
• . 	 • . . 2•233(15) 2238(].4) 2•233(11) 
• • 	 - . 2.191(15) 2.202(14) 2.191(13) 
• 	200323.0 2'027(30 2•030 25) 2'027 20 
1'911i 11 1.910(10 1.918 8) 1 4914 20 1.918(26) 1.918(30) 1.922(24) 1.914(28 
1.859 57 1.855(62 1.855 35) 1.852 62 1.859(30) I.8.5916) 1.859(22) 1.859(10 
TABLE A CXIX 
I.R. ABSORPTION MAXIMA FOR SAMPLES OF SAMARIUM CHROM.ATE (v) DECOMPOSED AT 670°C 
- (lcBrdlsk) 
SmCr% 	x=O•O1 x=O•].00 x=O°262 x=0•509 xO•755 x=1°00 SinCrO3 
8140 W 	 8140 w 8140 w, sh 8140 w, sh 8140 w 8140 w, eli 
790 s,vb 	795 s,vb 790 s,vb 790 s,vb 790 s,vb 795 m,vb 
• - 620 svb 
• 585 ni,vb 590 s,vb 590 s,vb 590 s,vb 590 s,vb 
505 w,sh 505 m,sh 505 in 505 m,sh 505 m,b 
1470 in, vb 1470 s, vb 1470 a, vb 1470 a, vb 1475 a ,vb 
1440 w, eli 1440 w, eli 14140 w,b 
TABI4E A CXX 
RESULTS FOR DECOAPOSIT ION OF SILVER CHROMATE (VI) AT 600°c 
Time (t) Fraction (•z) Decomposed 
Mm. 
Runi Run 2. 
0 0. 0 
10 01007 0 • 010 
20 00015 0021, 
30 0.025 0.025 
11.0 00031 0.031 
50 00014.. 0'050 
60 0'048 S 	0'061 
70 	: 0'055 0073 
80 0.067 O•086 
90 , 0'076 0.104 
• 	100 0.087 11LL  
110 0•099 0'12 
120 0I14 0'145' 
• 130: 
 
0'134 S 	 .0.159 
1140 . 01147 0.183 
150 •O'163 . 	 ;. 	 . 	0.206 
160 . 	0'178 . 	 : 	0.2211. 
• 	.17Q 0•197 •.. 0'249 
180 O222 0.275 
190 0.254 . 	 0.300 
200 0•280 . 	 . 	
'.. 	 0.326 
210 	.. 0 4307 ," 	 00311.7. 
220 0'333 • :. 0.373 
230 	. 0.363 • 	 0'399 
211.0 .0.393 . 	 0.1425 
TABLE A CXXI 
RFSULTS FOR DECOAPOSITI0N OF SILVER CHROMATE (vi) 
AT 61000 " 




10 o.ofi 0.010 
'20 	' 0 °Q21 0.023 
30 0.031' 0.033 
Z.0 Q•O12 0.0145 
50 0'053'  
60 0'06'9' 0.075 	 H 
70 0.0814 0.o14 
80 0.098' 0'13'. 
90 ' 0 4 123.  
100 ' 	 0 '.1145 .0. 1'5' 
110 6'173 	' 0.190 
120 	'. • 0'20 0230 
130 0°235. 0.269 
140' ' 	 0280 ' . ,, 	0.310 
150 ' 	 0'319 ' 	' 	 S ' 	 0.30 
• 	 160 0'354 ' 	 ' . 	 O•395 
0 0.392 	•, 0.1439 N
0 0.426 ' , 001481 
190 0.1468 O.5)3' 
200 0.506 0.5514 
210 ' 	 005141 •' 	0.593 
220 0.5714 0.630 
230 	, 0.6014 0•667 
2140 ' 0.6141 	• 0.702 
S ' 	 - 
TABLE A.CXXII 
RESULTS FOR DECOMPOSITION OP SILVER CHROMATE (VI) 
AT 620°C 
Time (t) Fraction (x) Decomposed 
MinA Run 1 Run 2 
0... . 	 0 , . 	 0 
10.. 0'015 O'022 
20 04039 . 	 0•042 
• 	 0.056 0.063 40 0'082 0•'095 
50 0'115 	. . 	 0'136 
60 .0•152 . 	 . 	 0178 
,O'198 0,232.. 
80 .0•261 0,299 
90 	. 0'321 0370 
100 ..0'383 0449 
110 ,01440 	. • 	 0.517 




140 0613 0•711 
150 0*665 0.763 • 	
160 	. ,0711 • . 	 0805 
170 .0f759 0842 
180 	,. 0807 . 	 •0865. 
• 	190• •. 	838 . 	 • 	 0889 	• •. 
200 	• 	. • • 	 0'866 • 00910 . 	•. 
210 • 	 0887.. 	• 0921 
220 	. 0'9O2 • O'932 
230 .0.914 • ... 0944 	 • 
• 	. 	240 • 0.926 0.951 	.• 
TABLE A CXXIII 
RESULTS FOR DECOMPQSITION OF SILVER CHROMATE (VI). 
AT 630°C 
Time (t) Fraction (x) Decomposed 
• 	 Miii. 
Run 1 Run2 
0 	. . 	 . 0. 
• 	 10 •. 0021 0026 
20 0•054 0.0514. 
30 • 0095 	, 0090 
140 Q!,lLsJ. •0i314. 
50 . 	 0204 •0195 
60 10280 	. 0.267 
70 0•358 O351 
00, 0'444 0438 
90 O°536 0.527 
loo 	• • 	 0.615 	. 	• 0609.: 
110 0.684 0.•686 
• 	
. . 0 751 	: 0759 	• 
330 0805 . 0.811 • 
140 0850 0855 
150 0892 • 	 • 0892. 
160 • ., 	0919, . 	 . 0915 
170 0939 0.933 
180 0953 09148 
190 0 : 968 0956 
200 	• 0977 • 0961 	. 
210 00982 	• O•968 • 
220 	• 0•986 . .0.978 	• 
230 0990 	• .: 	 • 
2140 .. 	 • 	0993 . 
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SPECTRA AND THERMAL DECOMPOSITION OF 
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Abstract—The i.r., visible and u.v. spectra, and the room temperature magnetic susceptibilities of the 
hydrated and anhydrous chromates (VI) and of the chromites of magnesium, lanthanum, neodymium 
and samarium have been measured. The course of dehydration of the hydrated chromates and the 
course of decomposition of the anhydrous chromates have been investigated by differential thermal 
analysis and by thermogravimetric analysis. The stoicheiometry of the decomposition of the 
chromates has been investigated and, in a search for intermediate products, i.r. spectra, X-ray powder 
diffraction patterns and magnetic susceptibilities have been measured on series of partially-decomposed 
samples. The kinetics of the isothermal decompositions were studied thermogravimetrically; it was 
shown that the results were well represented by some of the standard kinetic equations and activation 
energies were derived. The relation of the activation energies to the spectroscopically-determined 
charge-transfer energies are interpreted as showing that the activation process for the thermal 
decomposition is a one-electron transfer from oxygen to chromium. The propagation of the activation 
process is discussed in relation to the crystal structure and the i.r. spectra of the chromates. 
INTRODUCTION 
THE VISIBLE, U.V. and i.r. spectra and the magnetic susceptibilities of the hydrated 
and anhydrous chromates (VI) and of the chromites of magnesium, lanthanum, 
neodymium and samarium were measured. The isothermal decompositiOn of each 
anhydrous chromate (VI) was studied thermogrãvimetrically, primarily to determine 
the activation energy of the decomposition. The object was to investigate whether 
aspects of the solid state chemistry, in the present work the thermal decomposition, 
of chromates (VI) could be related to their electronic and vibrational spectra. 
From a previous thermogravimetric studyt 1 1 of the decomposition of magnesium 
chromate (VI) it was concluded that the reaction was of first order with an activation 
energy of 96 kcalf mole. The stoicheiometry of the decomposition of lanthanum and 
neodymium chromates (VI) has been previously determined, 23 primarily from 
the observed weight loss, but no detailed study of the decomposition of the chromate 
(VI) of any lanthanide element has been reported. 
EXPERIMENTAL 
Magnesium chromate (Vi) pentahydrate was prepared' 4> by dissolving magnesium oxide in an 
aqueous solution of chromium (VI) oxide. Found: Mg, 1058; Cr, 2260; 11,0, 39.02; calc. for 
MgCr04 5H20: Mg, 1055; Cr, 2257; H20, 3910. Lanthanum chromate (Vi) heptahydrate was 
prepared" by adding the stoicheiometric amount of chromium (VI) oxide to an aqueous solution 
of lanthanum nitrate. Found: La, 3693; Cr, 2071; H201  1680; calc. for La 2(Cr04)3 7H20: La, 
3695; Cr, 2075; H20, 1677. Neodymium chromate (Vi) heptahydrate was prepared"> by adding 
'> H. CHARCOS5ET, P. Tuauea andY. TiwsaouzE, C.r. hebd. Séanc Acad. Sc!., Paris 257,2473(1963). 
(') H. SCHWARZ, Z. anorg. aug. Chem. 322, 1 (1963). 
>'> H. SCHWARZ, Z. anorg. aug. Chem. 322,129 (1963). 
'> G. HENRICH, Z. elektrochem. 58, 183 (1954). 
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an aqueous solution of sodium chromate (VI) in 10 per cent excess to an aqueous solution of neo-
dymium nitrate. Found: Nd, 376; Cr, 2040; H 20, 1653; calc. for Nd 2(Cr04)3•7H20: Nd, 
378; Cr, 2046; H 20, 1650. A slightly basic hydrated samarium chromate (VI)was prepared as 
previously described" for praseodymium chromate (VI), by adding an aqueous solution of sodium 
chromate (VI) in 10 per cent excess to an aqueous solution of samarium nitrate. Found: Sm, 3994; 
Cr, 1953; H20, 1557; the analytical results are consistent with the formula Sm 2 (Cr04),. 006 
Sm203. 691 H2O (subsequently represented as Sm 2 (Cr04),. hydr.). The anhydrous chromates (VI) 
were prepared and characterized by heating the hydrated chromates (VI) for 24 hr at 275°C (Mg) and 
at 300°C (La, Nd, Sm). The percentage weight losses of the hydrated chromates (VI) were: Mg, 
found, 3902; calc., 3910: La, found, 1680; calc., 1677: Nd, found, 1653; calc., 1650: Sm, 
found, 1557; calc., 1566. Magnesium chromite was prepared(°) by calcining prepared (NH 4)2 
Mg(Cr04)2 6H20 at 1200°C for 14 hr. Found: Mg, 1262; Cr, 5377; calc. for Mg Cr204 : Mg, 
1265; Cr, 5408. The chromites of lanthanum, neodymium and samarium were prepared using the 
general techniques previously described,' 7  by solid state reaction 8  between stoicheiometric quantities 
of the lanthanide (III) oxide and chromium (Ill) oxide; the dA spacings of the lanthanide chromites 
were in very good agreement with those calculated from previously reported unit cell dimensions.'.' 
Infra-red absorption spectra from 2000 to 400 cm -', diffuse reflectance spectra from 1000 to 225 
mu, room-temperature magnetic susceptibilities and X-ray powder diffraction patterns were deter-
mined as described previously. 7 .'° The course of dehydration of the hydrated chromates and of 
decomposition of the anhydrous chromates was investigated by differential thermal analysis (DTA) 
and by thermogravimetric analysis (TGA). The DTA equipment was a Netzsch 1550°C apparatus 
with a heating rate of 10°C per mm, the technique was as described previously,( 7) and the tem-
peratures of maxima and minima in the DTA curves were repeatable to ± 10°C. For TGA, a Stanton 
Massflow thermobalance MF - HI was used with a nominal heating rate of 5°C per mm; weight 
losses observed in the dehydration and decomposition of '-.4 .2-g samples of AR copper sulphate 
pentahydrate were within ±05 mg of the calculated weight losses. The thermocouple in the thermo-
balance was calibrated over the temperature range 520-720°C against an inserted adjacent thermo 
couple which had been previously calibrated against a platinum resistance thermometer; it was 
found that the temperature recorded by the thermocouple in the thermobalance was 0-2°C higher 
than the actual temperature, so that from the calibration curve the recorded temperature was accurate 
to ± 1°C. It was also found that when controlling isothermally the maximum variation about the 
mean temperature was ±05 °C. In investigating the decompositions isothermally, '-'1 g of sample 
was introduced into the cold furnace and heated at a nominal rate of 5°C per min to the required 
temperature, when the decomposition was followed isothermally for about 4 hr; for each chromate, 
all the samples were from the same batch of prepared material, because it was found that different 
batches of the same chromate prepared under as far as possible identical conditions decomposed at 
different rates. Furthermore, for each chromate, all the samples were of the same weight to eliminate 
any effect of sample size, although for magnesium chrornate it was shown that the rate of decomposi-
tion was the same for samples weighing '-4 g and 05 g. 
RESULTS 
The i.r. spectra of the hydrated and anhydrous chromates (VI) from 2000 to 
400 cm-1  are given in Table 1 and those of the chromites in Table 2. Tables 1 and 2 
give the positions of the bands in cm-' and estimates of their relative intensities; 
as far as possible, each table is arranged so that what appear to be corresponding 
bands in different substances are in the same horizontal row. The i.r. spectrum of 
•MgCr204  is in good agreement with previous workt except that the bands from 
650 to 550 cm-' were not observed previously. 
• H. SCHWARZ, Z. anorg. aug. Chem. 322,15 (1963). 
(6)  E. WHIPPLE and A. WOLD, J. inorg. nuci. Chem. 24, 23 (1962). 
" W. P. DOYLE, G. MCGUTRE and G. M. CLARK, J. inorg. nuci. Chem. 28,1185 (1966). 
A. RUGGIERO and R. FERRO, Gazz. chim. hal. 85, 892 (1955). 
°> S. GELLER, Acta Crystallogr. 10, 243 (1957). 
G. M. CLARK and W. P. DOYLE, Spectrochin. Acta 22,1441 (1966). 















Tai.s I .—I.R. SPECTRA OP SOME HYDRATED AND ANHYDROUS C}{ROMATES (VI) 
MgCrO4 5H 2O La2(Cr04) 3-7H20 Nd 2(Cr04) 3 711 20 Sm 2(Cr0 4)3hydr. 	MgCr0 4 	La 2(Cr0 4)3 	Nd 2(Cr0 4) 3 	Sm 2(Cr0 4)3 	Assignment 
1640s,b 1640s,b 1640m,b 1630m,b H 20 bend 
1010 w, sh 1000 w, sh 
945 w, sp 945 w 945 m, sh 985 s 930 w, sh 935 s, b• 935 s 	1 
915 s 910 s, b 920 s 962 s 920 s I13 
890 s, b 895 s 900 w, sh 932 s 900 w, sh 900 m, shj 
860 w, sp 860 m 865 m 865 m 870 s - 	 865 w, sh 	v 1 
835 m 
840m 845m 845w 1 OH2 rock 
820m 820m 820w 
725 s 775 s, b 780 s, b 775 s, b 
630 m, b 635 m, b 630 w, b OH 2 wag 
445 m 455 m 455 m, sp 
432 m 433 m 430 m 435 m 432 m, sp 
w = weak, m = medium, s = Strong, V = very, b = broad, sp = sharp, sh = shoulder. 
'0 
00. 
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TABLE 2.—I.R. SPECTRA OF SOME CHROMITES 
MgCr,04 LaCrO, NdCrO, SmCrO, - 
685 w, sh 
655 s, b 
640 s, b 640 s, b 625 s, b 620 s, vb 
580 s, b 580 s, b 590s, b 
555 w,sh 
540 s, b broad strong 
absorption 
500 s, b below 500 cm-' 492 s, b 505 m, b 
475m 463m,b 475s,b 




The absorption maxima (cm-1) observed in the diffuse reflectance spectra from 
1000 to 225 m4u for the chromates (VI) are given in Table 3 (also included are the 
absorption maxima 12 for the chromate (VI) ion in aqueous solution) and those for 
the chromites in Table 4. The absorption maxima of MgCr 204 between 14,000 and 
24,000 cm-1 and those of LaCrO 3 between 16,000 and 22,000 cm -' are in good 
agrement with previously reported values. 13 For hydrated and anhydrous 
neodymium chromate (VI), and for neodymium chromite, sharp bands of medium 
intensity were observed in addition to those given in Tables 3 and 4,. at —'1 1,400, 
12,500, 13,300 and 17,000 cm-'; these frequencies are almost identical with those 
observed 14 in the absorption spectrum of NdE+  in aqueous solution, and their 
sharpness also suggests that they arise from transitions within the Nd 3+ ion. 
The room temperature magnetic susceptibilities of the chromates (VI) and 
chromites were measured; the susceptibilities of MgCr 2O4 and LaCrO3 are in 
reasonable agreement with previously reported values. 15 
TABLE 3.—DInusE REFLECTANCE SPECTRA OF SOME HYDRATED 
AND ANHYDROUS CHROMATES (VI) 
t,-2e 	3t2 -s.2e 
MgCrOe5H2O 27,000 36,300 
La,(CrO4),7H20 27,000 36,300 
Nd,(Cr04),7H2O 27,000 
Sm2(Cr04)3 hydr. 26,700 36,300 
MgCrO4 27,000 37,000 
La2(Cr04)3 26,700 35,700 
Nd2(Cr04)3  26,700 
Sm,(Cr04)3 23,300 
Cr042- (aq)" 	 26,810 	36,630 
i" A. CARRINGTON, D. SCHONLAND and M. C. R. SYMONS, J. chem. Soc. 659 (1957). 
(" 0. SCI-IMrrz-DUMONT and D. RIEMEN, Z. elektrochem. 63, 978 (1959); Z. anorg. aug. Chem. 312, 
121 (1961). 
"i' T. MOELLER and J. C. BRANTLEY, Analyt. Chem. 22,433 (1950). 
" ' T. R. MCGUIRE, L. N. HOWARD and J. S. SMART, Ceram. Age 60,22(1952); " G. H. JONKER, 
Physica 22, 707 (1956). 
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TABLE 4.—DIFFUSE REFLECTANCE SPECTRA OF SOME CI-IROMITES 
MgCr204 	31,200 	 23,300 	17,000 	14,800w 
LaCrO, 30,800 27,400 	21,500 16,300 15,300w 	14,600sh 
NdCrO3 	29,900 	27,000 21,300 
SmCr0, 29,400 27,800 	21,600 	16,300 	14,700sh 	13,800w 
w weak, sh = shoulder. 
The course of dehydration of the hydrated chromates (VI) as determined by 
DTA and TGA is summarized in Table 5 in which the second column gives the 
temperature of maxima or minima in the DTA curves and the fourth the temperature 
of maxima in differentially-plotted thermogravimetric curves (weight loss in mg 
per 5 min plotted against temperature). In general, the results of DTA and TGA 
were in agreement; the behaviour of individual chromates is further described 
below. Dehydration of magnesium chromate pentahydrate was complete at 500°C, 
as shown by close agreement between observed and calculated weight losses; the 
differential thermogravimetric curve could be separated approximately into three 
Gaussian components of relative areas 33:1'05:1, in agreement with previous 
isothermal weight. loSs results which showed' 6  that three molecules of water are 
lost at 60-70°C, the fourth up to 180 °C and the fifth at 275°C. Dehydration of 
lanthanum chromate heptahydrate was complete at 450°C; both DTA and TGA 
indicated a non-stepwise dehydration, which does not agree with previous TGA of 
lanthanum chromate octahydrate, which showed 2 loss of water at 135°C to give 
the dihydrate and complete dehydration at 350°C. 
TABLE 5.—DEHYDRATION OF THE HYDRATED cHR0MXFES (VI) 
• 
Temp. (°C) 




TGA curves (°C) Interpretation 
MgCrO4 5HO 165 large endotherm 175 loss of 3H2O 
205 small endotherm 260 loss of 11120 
310 small endotherm 350 loss of 1H,0 
380 small endotherm 
11-a2(Cr04)8 7H30 135 very small endotherm 
185 large endotherm 205 dehydration 
Nd,(Cr04)3 7H,0 160 large endotherm 185 loss of 311,0 
210 medium endotherm 225 dehydration 
260 small endotherm - 	 250 dehydration 
Sm2(Cr04),1iydr. 145 large endotherm 180, loss of 35H,0 
210 large endotherm 245 loss of 20HO 
280 medium endotherm 300 loss of 1-5H30  
Dehydration of neodymium chromate heptahydrate was complete at 400°C, 
in substantial agreement with previous workt 3 at a slower heating rate; the ratio 
of- the area of the 160°C end otherm to that of the complete dehydration endotherm 
was 3:7. Dehydration of hydrated samarium chromate was complete at 3 80°C; 
the differential thermogravimetric curve could be separated approximately into 
(16) A. E. HILL, G. C. Som and J. E. Rica, J. Am. diem. Soc. 62, 2131 (1940). 
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three Gaussian components of relative areas 24: 14: 1 corresponding to successive 
losses of .—'35, 20 and 15 molecules of water. 
The course of decomposition of the anhydrous chromates (VI) as determined 
by DTA and TGA is summarized in Table 6, in which the significance of the 






TGA curves (°C) Interpretation 
MgCr04 705 medium endotherm 720 decomposition 
La2(Cr04)3 465 small exotherm change in crystal form 
675 medium endotherm 685 decomposition stage 1 
725 small endotherm 740 decomposition stage 2 
Nd2(Cr04)3 655 medium endotherm 655 decomposition stage 1 
735 medium endotherm 730 decomposition stage 2 
Sm,(Cr04), 450 very small exotherm change in crystal form 
465 very small exbtherm 
625 large endotherm 645 decomposition stage 1 
765 medium endotherm 795 decomposition stage 2 
temperatures is as described above for Table 5. In general, the results of DTA and 
TGA were in agreement; the behaviour of individual chromates is further described 
below. Decomposition of magnesium chromate began at 6 10°C and was complete 
at 800°C, as shown by close agreement of observed and calculated weight losses. 
For lanthanum chromate, the small • exotherm at 465°C observed in DTA, which 
is not accompanied by any, change in weight, must correspond to a non-reversible 
process, because_it was absent from the DTA curve of a sample of lanthanum 
chromate which had been pre-heated at 500°C for 15 mm; it may be due to 
crystallization or to a polymorphic transition, because the X-ray powder diffraction 
pattern of a sample preheated at 500 °C for 15 min showed eight rather broad lines 
whereas the as-prepared anhydrous lanthanum chromate gave no characteristic 
diffraction lines, presumably because of the very small crystallite size resulting 
from the method of preparation. Decomposition of lanthanum chromate began 
at 580°C and was complete at 820°C, in agreement with previous work.t21  The 
differential thermogravimetric curve could be separated into two components 
of relative areas 1 25: 1, which indicates no overlap between the two stages of 
decomposition (caic. ratio 1 25: 1). Decomposition of neodymium chromate began 
at 580°C in agreement with previous work,t 3 and was complete at 770°C; the 
differential thermogravimetric curve could be resolved into two components of 
relative areas 1l1: 1, which indicates some overlap of the first and second stages 
of decomposition (calc. ratio 1 25: 1). For samarium chromate, the small exotherms 
at 450 and 465°C, which are not accompanied by any change in weight probably 
correspond, as for lanthanum chromate, to crystallization or to polymorphic 
transitions, because the results of DTA and X-ray powder diffraction for a sample 
pre-heated at 500°C for 15 min were analogous to those described above for 
lanthanum chromate. Decomposition of samarium chromate began at 520°C and 
was complete at 870°C; the differential thermogravimetric curve could be separated 
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into two components of relative areas 122: 1 which indicates slight overlap of the 
first and second stages of decomposition (caic. ratio 1 25: 1). 
The stoicheiometry of the decomposition of magnesium chromate (VI) has been 
shown previously, 4 primarily from the observed weight loss to be given by the 
equation, 2 MgCr04 -'- MgCr204  + MgO + 1-5 02. In the present work, the 
observed weight loss confirmed this stoicheiometry, and MgCr 204 was identified in 
the solid product by X-ray powder diffraction and by i.r. spectroscopy. Magnesium 
oxide could not be detected in the product by X-ray powder diffraction in agreement 
with previous work. 1 However, on sintering the product at 800°C for 16 hr, the 
strongest powder line of magnesium oxide was observed; presumably the effect of 
sintering is either to increase the crystallite size of the magnesium oxide so that it 
gives diffraction lines or to exsolve magnesium oxide from the lattice of magnesium 
chromite. The stoicheiometry of the first stage of the decomposition of lanthanum 
and neodymium chromates has been shown previously, 2" primarily from the 
observed weight loss, to be given by the equation, M 2(Cr04)3 -+2 MCr04  + 
0-5 Cr203  + 1-25 02, and that of the second stage by the equation, 2 MCrO 4 
(±0- 5 Cr203) -+ 2 MCrO3 (+0-5  Cr203) + 02. In the present work, the observed 
weight losses confirmed these equations for lanthanum, neodymium and samarium 
chromates, and the results of other methods of identifying the products are described 
for samarium chromate because the dA spacings of samarium chromate (V) could 
be calculated accurately from the known 17 unit cell dimensions. 
In the product of the first stage of decomposition of samarium chromate (VI) 
several X-ray powder lines were observed, all with dA spacings which were in Yery 
good agreement with those of samarium chromate (V); no X-ray powder lines of 
chromium (III) oxide were observed, but weak i.r. bands observed at 540 and 455 cm-' 
were assigned to chromium (III) oxide (strong band at 550 and medium band at 
440 cm 1).t18 In the product of the second stage of decomposition of samarium 
chromate all the X-ray powder linest 9 of samarium chromite were observed and in 
addition one weak line was observed which was assigned to chromium (III) oxide 
and another weak line was observed which could not be accounted for; all the 
observed i.r. bands were assigned to samarium chromite, and no bands were observed 
which could be unambiguously assigned to chromium (III) oxide. 
In a search for intermediate products, i.r. spectra, diffraction patterns and 
magnetic susceptibilities were measured on samples which had been decomposed 
separately to the following values of x (x = fraction decomposed, determined from 
the observed weight loss): 0-01, 010, 0-25, 050,075. Almost all the X-ray powder 
lines observed could be assigned either to the original chromates (VI) or to the 
products given in the stoicheiometric equations of the previous paragraph; a few weak 
X-ray powder lines were observed which could not be accounted for, but these were 
observed mostly in only one (rarely in two) of the series of partially-decomposed 
samples and are probably not significant. No i.r. bands were observed other than 
those observed in the reactant or the completely decomposed samples. It is 
considered that the X-ray diffraction patterns and the i.r. spectra gave no evidence 
of intermediates. For magnesium chromate, the fraction decomposed was calculated 
111) G. Buissor, F. BERTAUT and J. MARESCHAL, C.r. hebd Séanc Acad. Sci., Paris 259, 411 (1964). 
(18) R. MARSHALL, S. S. MrFRA, P. J. GIELISSE, J. N. PLENDL and L. C. MANSUR, J. chem. Phys. 43, 
2893 (1965). 
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frOm the magnetiC susceptibilities of the partially-decomposed samples and the 
known susceptibilities of reactant and products, and found to be the• same as that 
determined from. the observed weight loss. For lanthanum chromate, the same 
correlation was found for the first stage of decomposition, but very poor correlation 
was found for the second stage. For neodymium and samarium chromates, it was 
not possible to calculate the fraction decomposed from the measured magnetic 
susceptibilities because the susceptibilities of the corresponding chromates (Y) are 
not known; however, for the first stage of the decomposition of neodymium chromate 
a linear variation of susceptibility against fraction decomposed (determined from 
the observed weight loss) was observed; similar results were obtained for the first 
and second stages of decomposition of samarium chromate (Fig. 1). 
• First stage 
- 	 A Second stage 	 'S...-.- 
A 	 14 
4 
Z 




Fio. 1.-Variation of magnetic susceptibility of partially-decomposed samples with 
fraction decomposed for decomposition of Sm 3(Cr04)3. 
The kinetics of the isothermal decomposition of the chromates were studied 
thermogravimetrically at the following temperatures: MgCrO 4, 600, 610, 620, 622, 
635, 650, 672°C. 
La2(Cr04)3, first stage, 580, 590, 594, 600, 612, 620, 630°C; second stage, 630, 
641, 651, 652, 660 9  672, 680, 693, 701°C. 
Nd2(Cr04)31  first stage, 570, 580, 584, 590, 602, 610, 627°C; (second stage, not 
investigated). 
Sm2(Cr04)31  first stage, 520, 530, 543, 550, 562, 572°C; second stage, 670, 684, 
690, 700, 710, 720°C. 
The curves for fraction decomposed (x) vs. time (see Fig. 2 for a representa-
tive example) showed no acceleratory period for magnesium çhromate or neodymium 
chromate, but did show initial acceleratory periods for the first and second stages 
of the decomposition of lanthanum chromate, a very slightly acceleratory period 
for the first stage of the decomposition of samarium chromate, and an initial acceleratory 
period for the second stage of the decomposition of samarium chromate. The 
acceleratory periods were well represented by, the power law x = (kt)", and the 
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1•63 (x up to 025); Sm 2(Cr04)
31 
 1st stage, 101 (x up to 04); 2nd stage, 120 (x up 
to 04). A typical example of the representation of the results for the acceleratory 
period by the power-law is shown in Fig. 3 for the first stage of decomposition of 
lanthanum chromate. Beyond the acceleratory period the decompositions were 
deceleratory throughout. Several standard kinetic equationst19>  were applied to 
the decay periods and the results as a whole are most consistent with contracting-
envelope kinetics. For magnesium chromate, the results were, well represented by 
630 0 C,' 	•' • 	 •-600°C 
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FiG. 2.—Fraction decomposed vs. time for first stage of decomposition of La,(Cr0 4),. 
the contracting-sphere equation, kt = I - (1 - x) 113 over the range x = 00-098; 
contrary to previous workt 1> the results were not well represented by a first-order 
rate law. For lanthanum chromate, the results for the first stage of decomposition 
were well represented by the contracting-sphere equation from x = 04-097, and 
the results for the second stage were well represented by the first-order decay equation 
kt = log 1/(1 - x) from x = 02-085. For neodymium chromate, the results for 
the first stage were well represented by the contracting-sphere equation from x = 
0049. For samarium chromate, the results for the first stage were well represented 
by a simplified contracting-plate equation kt = 1 - (1 - x) 112  from x = 0 l-098, 
and the results for the second stage were well represented by the contracting-sphere 
"i P. W. M. JACOBS and F. C. TOMPKINS, Chemistry of the Solid State (Edited by W. E. GARNER). 
Butterworths, London (1955). 
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Fxo. 3.—Power-Jaw plot, for acceleratory period of first stage of decomposition of 
La2(Cr04)3. 
equation from x = 03-098. A typical example of the representation of the results 
for the decay period by the kinetic equations is shown in Fig. 4 for the first stage 
of the decomposition of lanthanum chromate. Activation energies calculated from 
the temperature coefficients of the rate constants using the method of least squares 
are given in Table 7, together with the estimated limits of error; the error for the 
acceleratory period of the second stage of decomposition of lanthanum chromate is 
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FiG. 4.—Contracting-sphere equation plot for decay period of first stage of decom- 
position of La2(Cr04)3. 
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TABLE 7.—ACrIVATI0N ENERGIES. FOR THERMAL DEcoMposmoN OF SOME CHROMATES 
Activation energies (kcal/mole) 
Acceleratory period 	Decay period 
MgCr04 - 	 79 ± 4 
La2(Cr04)31  1st stage 90 ± 7 	 77 ± 8 
2nd stage 76 ± 12 79 ± 5 
Nd2(Cr04),, 1st stage - 	 79 ± 5 
Sm,(Cr04),, 1st stage 68 ± 7 	 66 ± 6 
2nd stage 92 ± 7 82 ± 12 
comparatively large, because we power law is vauct br a comparatively small range 
of decomposition, and the error for the decay period of the second stage of decomposi-
tion of samarium chromate is large because the results are for a comparatively small 
range of temperature. Representative Arrhenius plots are shown in Fig. 5. 
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Fio. 5.—Arrhenius plots for first stage of decomposition ofLa 2(Cr04),. 
DISCUSSION 
The i.r. spectra of the hydrated chromates (VI) and anhydrous chromates (VI) 
are discussed in turn in terms, so far as the structural data permit, of the site 
symmetry of the anion. The fundamental frequencies of the chromate (VI) ion in 
aqueous solution are 20 
v(a) 	3)2(e) v3(f) 	4(f2) 
847 348 884 368 cm' 
so that only v1, the symmetric stretching vibration, and v3 , the asymmetric stretching 
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vibration, would be expected to fall within the region studied, 400-2000 cm -1. For 
the hydrated chromates '(VI), structural data are available only for magnesium 
chromate (VI) pentahydrate, which i(2l)  isomorphous with copper (II) sulphate 
pentahydrate, which has the triclinic space group PT - Ci', Z = 2; in copper (II) 
sulphate pentahydrate, the sulphur atoms are in general positions, 22 and so it is not 
possible to assign a site symmetry in magnesium chromate pentahydrate without 
knowledge of the parameters of the oxygen atoms, which are at present unknown. 
In the hydrated chromates (VI) the medium band at about 860 cm —' is assigned to 
v1, which is not i.r. active in 7, but is presumably allowed in the hydrated chromates 
(VI) because the chromate is in a site of symmetry lower than T4. Similarly the 
one, two or three bands between 890 and 960 cm —' are assigned to v3(f2) in T, the 
triple degeneracy of which has been partly or completely removed by the lowered 
symmetry of the anion in the lattice. The strong band at about 1640 cm —' is the 
H20 bending vibration, the frequency of which does not vary in different hydrates. 23 
The weaker' bands between 630 and 850 cm—' are probably the modes of water 
co-ordinated to the cation; the frequencies of these modes depend on the particular 
cation. 24 In a study of the i.r. spectra of solid salts containing cation-aquo complexes, 
bands of weak intensity in the range 650-900 cm —' were assigned(SS)  to 0112 rocking 
modes, and the bands at about 840 and 820 cm' in the spectra of the hydrated 
lanthanide chromátes are similarly assigned; no corresponding bands are observed 
for magnesium chromate pentahydrate and were not observed(SS)  for magnesium 
sulphate heptahydrate. Bands of medium intensity in the range 450-650 cm—' were 
assigned( SS ) to the OH2 wagging modes, and the medium band at about 630 cm' 
in the hydrated lanthanide chromates is similarly assigned. In magnesium sulphate 
heptahydrate the frequency of the 014 2 wag is(SS)  460 cm71 but no band is observed 
in this region for magnesium chromate pentahydrate. Bands in the range 300-500 cm —' 
• were assigned 24 to metal—oxygen stretching 'vibrations; this band is at 310 cm —' 
for magnesium sulphate heptahydrate(a  and therefore in magnesium chromate 
pentahydrate would not be expected to be within the spectral range of the present 
work. The bands at about 430 cm —' in the spectra of the hydrated lanthanide 
chromates are tentatively assigned to the .lanthanide—oxygen stretching vibration; 
this may be compared with a frequency(SS)  of 490 cm-1 for [Cr(H20)6]3 1  the only 
aquo complex of a tripositive cation included in the study of the solid aquo complexes. 
For the anhydrous chromates (VI), structural data are available only for 
magnesium chromate, which has 25 the CrVO4 structure 26 with the orthorhombic 
space group Cmcm-D2 h17, Z = 4; in CrVO4, the vanadium atoms are 26 in site 
symmetry C2 , and hence this is also the site symmetry of chromium in magnesium 
chromate (VI). The relevant correlation for the species of the T d and C2 point 
'> S. BONATTI and A. BANCHETrI, Processi verb. Soc. tosc. Sc!. flat. Pisa 42, 3 (1932); Neues lb. 
Miner. Geol. Paläont. Ref. 1, 567 (1933). 
C. A. BEEVERS and H. LIPSON, Proc. R. Soc., Land., Ser. A. 146, 570 (1934). 
(U  K. NAKAMOTO, Infrared Spectra of Inorganic and Coordination Compounds, p.  156. J. Wiley, 
New York (1963). 
(24) NAKAGAWA and T. SHIMANOTJCHL, Spectrochim. Acta 20, 429 (1964). 
G. PANNETIER, P. CoURTINE and C. PERRAUDIN, Bull. Soc. chim. Fr. 3218 (1965)., 
K. BRANDT, Ark. Kemi 17A, No. 2 (1943). 
E. B. WILSON, J. C. DECIUS and P. C. CROSS, Molecular Vibrations. McGraw-Hill, New York 
(1955). 
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groups i07 
T 	A 1 ; 	F2 
C21, 	A 1 ; 	A 1 +B,+B2 
In C2,,, A,, B, and B2 species, are i.r. active.t 28 Thus, in the spectrum of magnesium 
chromate (VI) the strong band at 870 cm—' is assigned to v1 and the three strong 
bands between 930 and 985 cm-1 are assigned to the three components of v3 . On 
this basis, the bands at 835 and 725 cm remain unexplained. It is possible that 
these bands arise from coupling between the Cr0 4 tetrahedra. In magnesium 
chromate the Cr04 tetrahedra form chainst 26 that run parallel to chains of MgO (, 
octahedra; thus the Cr0 4 tetrahedra are not isolated from each other by cations, 
and strong anion-anion coupling is to be expected, which may give rise to the extra 
bands. The i.r. bands of the anhydrous lanthanide chromates are assigned by analogy 
to those of anhydrous magnesium chromate. 
The chromates (VI) considered here decompose an heating with loss of oxygen 
and reduction of the oxidation state of chromium from +6 to +3. The results of 
the magnetic susceptibility measurements show that at all stages of the decomposition 
the amount of oxygen lost is directly proportional to the number of electrons 
transferred to chromium. A possible activation process for the decomposition 
is electron transfer from the co-ordinated oxygen to chromium, and the energy of 
electron transfer can be obtained from the absorption maxima observed in the 
diffuse reflectance spectra. From calculations of the molecular orbitals of tetrahedral 
oxo-species of transition metals, the first two absorption bands in the electronic 
spectrum of the chromate ion in aqueous solution have been assigned (29) to the 
allowed transition 1, --,- 2e and 312 - 2e, in order of increasing energy. The comparison 
in Table 3 of the absorption frequencies of Cr0 42— (aq) with those of the solid 
chromates shows that the absorption frequencies in the solids can be assigned to 
the same transitions. The 1, -+ 2e transition is essentially a one-electron transfer 
from the non-bonding ir-orbital combinations of the oxygen to the central metal, 
and therefore the activation energy for the thermal decomposition might be related 
to the energy of this charge transfer process; these energies are compared in Table 8. 
The agreement, within the uncertainty limits of the activation energies, is strong 
evidence that the activation process is a one-electron transfer from oxygen to chromium 
(VI); the effect of this is to reduce the oxidation state of chromium from + 6 to + 5. 
The question arises as to why other chromates (VI), e.g. those of the alkali and 
alkaline earth metals, are much more thermally stable than those considered here, 
when the energies of the first charge-transfer bands, and hence the expected energies 
of activation, are similar. It appears possible that the difference in thermal stability 
may be related to structural differences. The chromates (VI) of known structure 
may be divided into two broad types; (a) those in which neighbouring anions are 
separated from one another by cations, a structure associated with cations of low 
polarizing power; (b) those in which there are rows of adjacent anions surrounded 
by rows of cations, a structure associated with strongly-polarizing cations. In 
chromates of type (b) structure, the activation process can be propagated along the 
rows of Cr04 groups to the surface where decomposition takes place, but in chromates 
428) G. HERZBERO, Infrared and Raman Spectra. Van Nostrand, New York (1945). 
(28) A. VISTE and H. B. Gity, Inorg. Chem. 3,1113 (1964). 
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TABLE 8.—COMPARISON OF ENERGIES OF ACTIVATION AND OF ELECTRON TRANSFER 
Activation energy 	Energy oft1 -+ 2e 
for decay period (cm-') transition (cm-') 
MgCrO4 27,600 ± 1400 27,000 
La,(Cr04),, 1st stage 26,900 ± 2800 26,700 
Nd,(Cr04),, 1st Stage 27,600 ± 1700 26,700 
Sm,(Cr04),, 1st stage 23,100 ± 2100 23,300. 
of type (a) structure the activation process although it occurs as readily, cannot be 
propagated because the Cr0 4 groups are isolated from one another. As suggested 
above in the discussion of the i.r. spectra, in type (b) structure strong anion-anion 
coupling is to be expected, and this may result in the observed i.r. spectrum being 
inconsistent with that expected from an isolated tetrahedral unit; thus the i.r. 
spectrum, in providing evidence of coupling, may indicate whether the activation. 
proccss can be propagated to the surface with consequent decomposition. 
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